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INTRODUCTION
A pumped storage system consists of an upper reservoir and lower
reservoir separated by an elevation difference. During low demand energy
periods such as nights and weekends water is pumped from the lower to
the upper reservoir using available energy from conventional steam elec-
tric power plants. During high energy demand periods, such as mornings
and afternoons of weekdays, upper reservoir water is allowed to drop
back down through the same system of water conduits and turbines, genera-
ting electricity to conveniently meet abrupt electrical energy require-
ments. The same water turbines thus act both as pumps and as conventional
hydroelectric turbines.
Because energy demands of electrical consumers vary considerably
on a daily basis, the ability to economically store large amounts of
energy during off - peak periods is of great advantage to utilities.
Pumped-storage tends to stabilize a power generation and distribution
system (Feickeisen 1979). Conventional steam electric power plants
(fossil or nuclear fueled) operate more efficiently and have a longer
life when they are run continuously rather than cycled to meet rapidly
charging power demands. Pumped storage systems allow for a more continu-
ous, efficient operation of base - load steam electric plants.
Increasing populations in the Southwestern United States have
resulted in increased peaking energy requirements. Following a decade
of energy studies conducted by the Bureau of Reclamation and other Federal
and non - Federal agencies, it was determined that pumped storage offered
the best opportunity for meeting energy peaking needs while complementing
large base-load steam electric plants. Some 200 potential pumped storage
sites in Arizona, Nevada and southern California had been identified
by 1982, and in 'the same year, after an extensive screening process,
the Bureau of Reclamation selected Spring Canyon as the preferred pumped
storage site (USBR 1987). A total of 20 utility companies and power
marketing agencies in Arizona, southern Nevada and southern California,
are participating with the Bureau of Reclamation in a joint Spring Canyon
Investigation that includes determination of potential environmental
impacts, among other aspects. Contingent upon study findings,
construction could begin in 1992 and be completed as early as 1997 (USBR
1987).
The present study involves the aquatic environment of Lake Mead
and addresses potential aquatic impacts of the Spring Canyon Pumped
Storage Powerplant. The report is designed to aid the Bureau of
Reclamation in development of a Draft Environmental Statement in 1988.
The objectives were to evaluate the area of Lake Mead near the proposed
pumped storage site (Virgin Canyon) and to predict the biological, hydro-
logical and limnological conditions prevailing within Lake Mead and
the Spring Canyon forebay (upper reservoir) once the project is
operational. Items specifically considered include appraisal of existing
conditions and impact assessment for the following: water temperature,
water movements, dissolved oxygen, pH, conductivity and salinity, water
transparency and light penetration, nutrients and chlorophyll,
zooplankton, benthic macroinvertebrates, and fish (early life history
stages and adults).
DESCRIPTION OF LAKE MEAD
Lake Mead is the largest of all man-made reservoirs in the United
States in terms of volume and is located in the Mohave Desert of south-
" eastern Nevada and northwestern Arizona. Lake Mead was created by
the construction of Hoover (Boulder) Dam in 1935 in the Black Canyon
of the Colorado River (Figure 1). By 1941, the newly formed reservoir
— was completely filled and extended up-river some 114 mi (183 km) with
a total shoreline of about 550 mi (885 km) (Jonez and Summer 1954;
Allan and Roden 1978). Morphometric characteristics of Lake Mead
are given in Table 1 (Paulson and Baker 1984; Bureau of Reclamation,
Lower Colorado River Region, 1987).
Lake Mead is situated in one of the driest and warmest areas of
"" the United States. General climatic data are given in Table 2. The
area exhibits wide fluctuations in annual rainfall, hot summers, moder-
ate winters, and generally cloudless skies where greater than 85
percent of the possible amount of sunshine is realized (USBR 1982).
Lake Mead is characterized by several large basins connected by
_ narrow canyons. Boulder Basin (4 mi wide, or 6.4 km) is located just
above Hoover Dam and Black Canyon. Las Vegas Bay extends into Boulder
Basin from the west and receives treated waste effluents from Las Vegas,
Nevada, and the surrounding metropolitan area. Further upstream,
Boulder Canyon connects with Virgin Basin (8 mi wide, or 12.9 km).
The long Overton Arm connects with Virgin Basin from the north. Upriver
from Virgin Basin, Lake Mead narrows to form Temple Basin, Virgin
._ Canyon, and Gregg Basin and narrows still further until its confluence
with the Colorado River (Figure 1; Allan and Roden 1978; Paulson and
Baker 1984). The area above Boulder Canyon is generally referred
to as the Upper Basin of Lake Mead while the area below Boulder Canyon
"~" is considered the Lower Basin (Paulson et al. 1980). The areas
including Virgin Canyon, lower Gregg Basin, and upper Temple Basin
are the areas of major concern in this report, as the Spring Canyon
,— Pumped-Storage Powerplant is proposed for construction near the middle
of Virgin Canyon.
__ Most of the water flowing into Lake Mead comes from the Colorado
; River (greater than 98 percent) though the Virgin and Muddy Rivers,
which discharge into Overton Arm, contribute year-round inflows. Also,
Las Vegas Bay receives continual flows from Las Vegas, Nevada, and
:"" vicinity. During May, 1986 through April, 1987, average daily flows
entering Lake Mead from the Colorado River ranged between 7,190 ftVs
(203.6 m3/s) and 49,700 ft3/s (1,407.4 m3/s) while daily flows leaving
r via Hoover Dam ranged between 13,100 and 37,000 ftVs (371.0
; 1,047.7 m3/s) for the same period (Table 3). The annual average flow
below Hoover Dam for this period was 23,065 ft3/s (653.1 m3/s), which
was considerably higher than what the annual average flow has been
r since 1935 (13,250 ftj/s or 375.2 m3/s; Frisbie et al. 1985). During
May, 1986 through April, 1987, an estimated 17,197,600 acre ft flowed
into Lake Mead from the
r--
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Fiqure 1. Location and features of Lake'Mead, including the proposed site for the Spring Canyon Pumped-
Storage Powerplant.
Table 1. Morphometric characteristics of Lake Mead.l
r
Parameter
Maximum operating level
Maximum depth
Mean depth
Surface area
Volume
Maximum length
Maximum width
Shoreline development3
Discharge depth
Metric
374 m
180 m
55 m
660 km2
36.7 x 109 m3
183 km
28 km
83 m
Engl ish
1,229 ft
591 ft
181 ft
255 mi *
29.8 x 106 acre-ft
113.7 mi
17.4 mi
9.7
272 ft
1 Bureau of Reclamation, Lower Colorado Region, 1987; Paulson and Baker,
1984.
a Unitless parameter to measure regularity of shoreline; value of 1 is
equivalent to a lake shaped in a perfect circle.
Table 2. General climatic characteristics of the area near Lake Mead.l
Parameter Notes
Temperature Summer: maximum daytime values frequently exceed
110 °F; minimum nighttime values range between
70 - 90 °F.
Winter: maximum daytime values average above
60 °F; minimum readings average about 35 °F
(20 °F is possible).
Annual average: 65.9 °F.
Precipitation Annual average is 4.05 inches, though annual
rainfall can range from 1 inch to more than
10 inches. Most rainfall occurs during winter.
Evaporation
Winds
Annual rate is about 6.5 feet, with about 75 percent
occurring during the 6 summer months.
Prevailing winds are from the southwest; velocities
greater than 50 miles per hour occur several times
each year, mainly during spring and fall; average
annual wind speed is about 9 miles per hour.
1 USER 1982.
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Table 3. Summary of monthly flows (daily average, ft3/s) of the
Colorado River above Lake Mead and below Hoover Dam during
May 1986 through April 1987.1
Colorado River
near Grand Canyon
Month
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar
Apr
Min.
27,100
26,900
10,700
16,700
22,600
15,400
15,500
17,400
22,400
14,100
8,010
7,190
Max.
49,700
49,600
29,800
28,000
28,800
24,100
23,000
27,900
29,500
27,500
18,500
18,300
Mean
42,440
33,640
20,570
24,550
26,450
18,410
20,420
24,520
26,440
20,660
13,180
13,460
Hoover Dam
releases
Min.
23,100
19,000
17,800
15,800
16,500
13,900
14,100
17,200
18,400
15,600
14,600
13,100
Max.
36,400
37,000
30,900
29,100
26,700
22,700
22,200
27,900
33,000
24,800
21,100
18,600
Mean
33,330
29,030
26,510
23,190
22,710
19,170
17,760
23,430
26,380
20,510
18,490 •
16,270
1 Data from U.S. Geological Survey, Water Resources Division.
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Colorado River and approximately 16,728,100 acre ft flowed out through
Hoover Dam (Table 4). Lake Mead water levels and volumes resulting from
the above inflow/outflow conditions are given in Table 5. Lake Mead
surface elevations fluctuated within a narrow range of 1,204.61 to
1,210.83 ft (367.3 - 369.2 m)) which corresponded to lake volumes of
23,591,000 to 24,523,000 acre-ft (Table 5). Under the hydraulic
conditions which existed during this period, the retention time for
Lake Mead was about 1.4.
Since 1940, the maximum volume recorded for Lake Mead was
27,790,000 acre-ft, which occurred at a surface elevation of 1,220.45 ft
(372.1 m) on July 29 and 30, 1941. However, the surface elevation
reached a maximum of 1,225.85 ft (373.5 m) on July 24, 1983. This
resulted in a volume of about 26,868,000 acre-ft, on the basis of
resurveyed bathemetrics in 1963 and 1964. The minimum volume since
1940 was 10,695,000 acre-ft, which occurred at a minimum surface eleva-
tion of 1,083.21 ft (330.3 m; Frisbie et al. 1985).
Historical data on elevation and volumes of Lake Mead since 1961
are given in Table 6. Since 1961, surface elevations have ranged
between 1,087.99 ft (331.7 m; 1965) and 1,225.85 ft (373.7 m; 1983)
which corresponded to volumes of 11,122,000 acre-ft and
26,860,000 acre-ft. Annual changes in surface elevations were as
little as 5.42 ft (1.7 m; 1967) and as great as 55.5 ft (16.9 m; 1964),
though surface level changes were between 6-20 ft (1.8 - 6.1 m) for
the majority of years (70 percent). Annual volumes have undergone
changes as little as 642,000 acre-ft (1971) and as great as 6,737,000
acre-ft (1962), though most annual volume changes have been less than
2,500,000 acre-ft (74 percent).
During 1961 through 1978, Lake Mead surface elevations were below
1,200 ft (365.9 m) during all years except 1962. In 1979, elevations
reached 1,200 ft (365.9 m) for the first time since 1962, and, in
general, elevation and volumes have been high throughout the 1980's
compared to earlier years (Table 6).
Lake Mead has been described in general as a deep, subtropical,
moderately productive desert impoundment (Baker et al. 1977). Thermal
stratification develops in May and June, and a regular thermocline
is established between 10 to 15 m in July. Fall turnover begins as
thermal stratification breaks down in October and the lake is completely
destratified in January and February. In a recent study by Paulson
and Baker in 1981 and 1982, water temperatures in the four major basins
of Lake Mead were isothermal at 11 to 12°C from December through
February. Surface temperatures began to increase in March and by
June a thermocline had developed. The thermocline was at about 10 m
in June, but declined to 15 to 18 m by September when surface
temperatures cooled. The lake was generally well mixed by December.
Maximum summer surface temperatures were around 28°C (Paulson and
Baker, 1984).
Epilimnetic waters of Lake Mead are typically saturated with
oxygen, generally at levels of 7 - 9 ppm during summer. Oxygen tends
r
Table 4. Monthly water volumes (acre-f.t) entering Lake Mead from
the Colorado River and exiting through Hoover Dam during
May 1986 through April 1987.1
Month
May
June
July
August
September
October
November
December
January
February
March
April
Total
Mean
Colorado River near
Grand Canyon
2,609,000
2,002,000
1,265,000
1,510,000
1,574,000
1,132,000
1,215,000
1,507,000
1,625,000
1,147,000
810,500
801,100
17,197,600
1,433,130
Colorado River below
Hoover Dam
2,049,000
1,730,000
1,630,000
1,426,000
1,351,000
1,179,000
1,057,000
1,440,000
1,622,000
1,139,000
1,137,000
968,100
16,728,100
1,394,010
Data from U.S. Geological Survey, Water Resources Division.
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Table 5. Sumirary of monthly Lake Mead elevation and volumes during
May 1986 through April 1987.1
Lake elevations (ft)
Minimum Maximum
I
Month
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar
Apr
Elevation
1204.61
1208.48
1207.12
1206.85
1207.55
1208.70
1208.51
1209.77
1210.09
1210.32
1208.57
1207.53
Day
10
1
23
11
1
31
7
1
23
1
31
24
Elevation
1208.16
1210.16
1210.12
1207.52
1208.83
1208.98
1209.77
1210.72
1210.51
1210.83
1210.54
1208.56
Day
31
24
1
31
31
19
31
a
12
12
1
*
Lake
(Acre-ft
Minimum
23,591
24,168
23,964
23.924
24,028
24,201
24,172
24,362
24,410
24,445
24,181
24,025
Volume
x 1,000)
Maximum
24,120
24,421
24,415
24.024
24,220
24,243
24,362
24,506
24,474
24,523
24,479
24,180
1 Data from Bureau of Reclamation, Lower Colorado Region Office.
a Maximum elevation the same on four days; December 15, 21, 22, and 25.
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Table 6. Maximum and minimum surface elevations and water volumes of Lake Mead during 1961 through 1984.
Elevation (ft)
Year
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
Maximum
1,170.34
1,204.23
1,197.67
1,149.04
1,125.84
1,133.88
1,133.83
1,137.35
1,146.89
1,154.14
1,153.77
1,162.59
1,186.98
1,180.29
1,182.92
1,193.29
Date
10/ 1
7/23
10/ 1
10/ 1
11 6
2/19
2/19
9/15
9/29
2/19
9/30
2/ 6
5/ 6
10/ 1
3/ 7
2/ 6
Minimum
1,152.88
1,153.11
1,149.04
1,093.54
1,087.99
1,124.57
1,128.41
1,127.71
1,135.98
1,146.54
1,148.05
1,153.62
1,158.60
1,168.82
1,177.31
1,175.31
Date
5/18
2/ 9
9/30
9/30
4/ 3
10/ 7
9/ 1
11/30
10/11
10/10
4/ 2
10/ 1
10/ 4
6/14
9/ 9
7/30
Difference
17.46
51.12
48.63
55.50
37.85
9.31
5.42
9.64
10.91
7.60
5.72
8.97
28.38
11.47
5.61
17.98
Maximum
19,935
24,582
23,626
17,373
14,818
15,679
15,674
15,113
16,135
16,946
16,904
17,939
21,081
20,180
- 20,530
21,957
Volume (acre ft x 1000)
Minimum
17,818
17,845
17,373
11,628
11,122
14,685
14,193
14,122
14,970
16,096
16,262
16,887
17,464
18,704
19,788
19,528
Difference
2,117
6,737
6,253
5,745
3,696
994
1,481
991
1,165
850
642
1,052
3,617
1,476
742
2,429
Table 6. Maximum and minimum surface elevations and water volumes of Lake Mead during 1961 through 1984 -
Conti nued.l
Year
1978
1979
1980
1981
1982
1983
1984
Maximum
1,189.73
1,202.80
1,205.03
1,204.93
1,202.73
1,225.85
1,218.18
El
Date
3/12
2/25
9/21
10/1
2/16
7/24
10/1
evation ( f t )
M i n i m u m
1,178.96
1,185.45
1,195.09
1,192.45
1,192.64
1,198.96
1,205.73
Date
12/15
10/6
10/25
9/11
10/7
10/1
5/4
Dif fe rence
10.77
17.35
9.94
12.48
10.09
26.89
12.45
Vo1
Maximum
21,460
23,324
23,653
23,638
23,314
26,868
25,653
ume (acre ft
M i n i m u m
20,004
20,872
22,212
21,839
21,866
22,772
23,757
x 1000)
Di f fe rence
1,456
2,452
1,441
1,799
1,448
4,096
1,896
Data from U.S. Geological Survey Water Data Reports for Nevada.
to become reduced within the metalimnion (area of greatest vertical
change in temperature) at depths of approximately 33 - 130 ft
(10 - 40 m) during la.te summer, presumably due to consumption of oxygen
j^  from biological or chemical demand (Burke 1977; Paulson et al. 1980).
However, depletion of metalimnetic oxygen is most apparent within
the lower basin (below Boulder Canyon), and metalimnetic oxygen
concentrations in the upper basin (above Boulder Canyon) are generally
— above 5 ppm. Minimum metalimnetic oxygen values at various locations
within the upper basin during 1977 and 1978 ranged from 4.5 to 7.5
ppm (Paulson et al. 1980). Hypolimnetic oxygen concentrations during
_ thermal stratification periods may be higher than concentrations within
the metalimnion, producing a negative heterograde profile. During
winter, with isothermal conditions prevailing, oxygen concentrations
are uniform (orthograde) from surface to bottom at levels near
~ saturation.
Studies of pH in Lake Mead have indicated that alkaline conditions
(>7.0 pH units) generally persist throughout the reservoir. Surface
pH values during January through September in the lower basin ranged
from 8.1 to 8.5 (Paulson et al. 1980). Bottom readings during the
_ same period were steady at about 7.6. During the thermal stratification
period, the vertical distribution of pH showed a negative heterograde
profile, similar to oxygen concentrations, i.e. pH values tended to
fall at metalimnetic depths but would increase slightly in hypolimnetic
~~ waters.
The general trophic state of upper Lake Mead was considered low
(oligotrophic) on the basis of nutrient and production measurements
during 1981 and 1982 (Table 7; Paulson and Baker 1984). Low phosphorus
concentrations mainly account for this condition. Phosphorus is
__ considered the major limiting nutrient in the upper basin, where average
annual total nitrogen/total phosphorous ratios are always well above 10.
Sakamoto (1966), Chiaudani and Vighi (1974), and Smith and Shapiro
(1981) among others have shown that the ratio of total nitrogen to
<~ total phosphorus is useful for separating lakes into N-limited and
P-limited systems. Their work predicted that if the ratio TN:TP was
greater than 10, algal production in the plankton was likely to be
,_ phosphorus rather than nitrogen limited, Wetzel (1983) gives ranges
for chlorophyll a_ concentrations typical of eutrophic, mesotrophic,
oligotrophic and dystrophic pelagic waters. The range given for oligo-
trophic water is 0.3-3.0 ug/1. It appears that chlorophyll a^  concentra-
""" tions in Lake Mead, especially the upper basin, are well within the
oligotrophic range (Table 7).
r- Recent studies in upper basin waters (1986-87) have documented
; conductivity and ion concentrations at surface and deeper zones
(Table 8). Mean values were similar between surface and bottom depths
^ for most parameters, though bicarbonate ion composition increased
•"" slightly with depth. Conductivity readings ranged from 745 to 820
! umhos cm'l, generally lower than conductivities reported earlier at
Glen Canyon Dam and discharges from Lake Mead at Hoover Dam (Paulson
r and Baker 1984).
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Table 7. Summary of nutrients and productivity in Lake Mead based
on area weighted annual averages.*
Parameter 1981 1982
Total phosphorus (mg/1) 0.008 0.010
Total nitrogen (mg/1) 0.364 0.380
Total nitrogen/
total phosphorus ratio 45.5 38.0
Phytoplankton productivity(mg/mVday) 480
Phytoplankton productivity
(mg/mVday) 24
Chlorophyll a_ (ug/1) 1.5 1.5
1 Paulson and Baker 1984.
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Table 8. Conductivity (umhos cm~l) and ion concentrations (mg 1~1)
in upper basin waters of Lake Mead (Temple Basin, Virgin
Canyon, and Gregg Basin) during May 1986 to February 1987.1
Parameter
Surface
Range Mean
Bottom depths
(60 - 125 m)
Range Mean
Conductivity 745-841 780 710-820 767
Cations
Na
N
Ca
Mg
Anions
C03
HC03
Cl
S04
59-68
4-4
58-71
20-26
0-17
120-154
49-54
170-218
62
4
66
24
3
141
53
196
59-63
3-4
62-69
21-25
-
151-183
47-54
168-194
61
4
67
23
0
166
52
185
1 Samples collected by Environmental Research Center, University of
Nevada, Las Vegas: conductivity measured on following dates: 17 May,
16 June, 13 August, 12 September, 17 October, 13 November, 11 December
1986, and 15 January, 12 February 1987. Ion measurements from samples
on 24 December, 31 March, 12 June, and 12 September 1986.
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Water transparency (secchi disc depth) in upper basin waters
^^  of Lake Mead averaged about 9.8 - .13.1 ft (3 to 4 m) during summer
and early fall. Transparency increased dramatically during mid-fall
and maintained this pattern during winter with average secchi disc
readings of 26.2 to 42.6 ft, or 8 to 13 m (Table 9). The percent
- of surface light energy remaining at 16.4 - 32.8 ft (5 and 10 m) depths
was also determined during, transparency studies. During summer average
values at 16.4 ft (5 m) ranged from 9.2 to 13.1 percent, and at 32.8 ft
(10 m), 1.3 to 2.8 percent. For fall and winter, averages at 16.4 ft
(5 m) ranged from 11.2 to 16.0 percent, and at 32.8 ft (10 m), 2.8
to 4.4 percent (Table 9).
Six major phyla of phytoplankton comprised of some 73 genera
and 122 species have been collected and identified from Lake Mead
(Table 10; Paulson et al. 1980) The Phyla Chlorophyta (green algae)
was the most diverse, comprising 42 percent of plankton species.
The greatest diversity occurred during summer and least during winter.
Dominant genera included Chlorella and Lagerheimia. The Phylum
Chrysophyta (golden brown algae)was the second most diverse group,
comprising 22 percent of the total species. This group was represented
in each of the monthly samples throughout the year. Dominant genera
included Cyclotella and Stephanodiscus. The Cyanophyta, or blue-green
— algae, was most common during late summer and fall, and comprised
some 15 percent of all algal species. Major genera included
Anabaenopsis and Dactylococcopsis. The phylum Cryptophyta comprised
5 percent of all algal species and numbers of species increased in
winter and early spring. The species Rhodomonas minuta v.
nannoplanctica was the dominant algal species at all sampling stations
in January. The phylum Pyrrophyta comprised only about 5 percent
" of the algal species and reached maximum abundance in August. Dominant
genera included Peri dim'urn and Ceratium. The Euglenophyta was the
least diverse phylum, making up about 2 percent of all algal genera
(Table 10; Paulson et al. 1980).
Monthly phytoplankton samples demonstrated variations in algal
_ abundances throughout Lake Mead. Table 11 from Paulson et al. (1980)
provides information on seasonal changes in dominant phytoplankton
taxa for upper basin waters of Lake Mead.
The zooplankton community of Lake Mead is well represented by
numerous species of rotifers, cladocerans and copepods. Some 50 taxa
were identified in studies done during 1977 and 1978 (Table 12;
_ Paulson et al. 1980). The phylum Rotifer was the most diverse, and
comprised some 27 taxa. Rotifers as a group appeared most commonly
in spring and early summer. Major species with periods of peak abun-
dance were as follows: Asplanchna priodonta, April/May and January;
"" Collotheca sp., March/April and November/January; Keratella cochlearis,
May/June and November; Polyarthra, April/May and November; and Synchaeta
sp., March/May and January. Cladocerans were represented by 14 taxa
K" (28 percent; Table 12) and definite seasonal differences for major
t
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Table 9. Water transparency as determined by monthly Secchi disc readings
(m), and light penetration in upper basin waters of Lake
Mead (Temple Basin, Virgin Canyon, and Gregg Basin) during
May 1986 through February 1987.l
Light energy remaining (%)
Date
17 May 86
16 June 86
13 August 86
12 September 86
17 October 86
17 November 86
11 December 86
15 January 87
12 February 87
Secchi di
Range
3.0-5.25
3.75-4.75
2.5-3.5
3.3-4.7
11.0-13.7
11.2-12.0
9.75-10.5
6.2-9.0
10.5-14.5
sc (m)
Mean
4.0
4.25
3.0
3.83
12.07
11.57
10.08
8.0
13.10
5
Range
7.7-10.8
11.9-14.1
8.9-16.4
7.4-17.1
10.0-17.1
14.8-17.0
8.8-12.9
14.0-19.4
m
Mean
9.2
13.3
12.3
13.1
14.2
15.9
11.2
16.8
10
Range
0.8-1.8
1.9-2.0
1.2-2.8
1.2-4.6
2.6-5.7
4.2-4.4
2.3-3.8
3.8-4.7
m
Mean
1.3
2.0
1.8
2.8
4.4
4.4
3.1
4.2
1 Data collected by Environmental Research Center,
University of Nevada, Las Vegas.
r
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Table 10. Phytoplankton species identified in Lake Mead from October
1977 to September 1978.1
PHYLUM CHLOROPHYTA ORDER TERASPORALES
ORDER CHLOROCOCALES
Chlorella sp.
Chlorella vulgaris
Coelastrum sp.
Coelastrum reticulatum
Crucigenia quadrata
Echinospaerella sp.
Echinosphaerella limnetica
Elakatothrix virdidis
Franceia sp.
Francaia droescheri
Golenkinia sp.
Golenkinia radiata
Kirchneriella sp.
Lagerheimia sp.
Lagerheimia subsalea
Lagerheimia quadriseta
Oocystis sp.
Oocystis solitaria
Oocystis pusilla
Oocystis horgai
Planktosphaeria sp.
Quadrigula lacustn's
Scenedesmus sp.
Scenedesmus bijuga
Scenedesmus dimorphus
Scenedesmus abundans
Scenedesmus quadricauda
Schroederia setigera
Selenastrum sp.
Selenastrum minuta
Sphaerocystis sp.
Sphaerocystis schroeteri
ORDER VOLVOCALES
Carteria sp.
Carteria cordiformis
Chlamydomonas sp.
Chlamydomonas globosa
Chlorogonium sp.
Pandorina sp.
Polytoma sp.
Volvox sp.
Gloeocystis sp.
Gloeocystls planktonica
Gloeocystis vesiculosa
Schizochlamys compacta
Schi2och1amys gelatinosa
ORDER ZYGNEMATALES
Cosmarium sp.
Staurastrum sp.
PHYLUM CYANOPHYTA
ORDER CHROOCOCALES
Aphanocapsa
Chroococcus
sp.
dispersus
Dactylococcopsis sp.
Gloeocapsa sp.
Gomphosphaeria lacustn's
Merismopedia tenuissima
ORDER OSCILLATORIALES
Lyngbya limnetica
Oscillatoria
Oscillatoria
sp.
limnetica
Oscillatoria planktonica
ORDER NOSTOCALES
Aphanizomenon
Aphanizomenon
flos-aquae
elachista
Anabaena
Anabaena
sp.
circinalis
Anabaenopsis raciborskii
Anabaenopsis elenkim'i
PHYLUM CHRYSOPHYTA
ORDER OCHROMONADALES
Dinobryon sp.
Mallomonas sp.
Ochromonas sp.
r
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Table 10. Phytoplankton species identified in Lake Mead from October
1977 to September 1978.1 (continued)
ORDER RHIZOCHRYSIDALES
Rhizochrysis sp.
ORDER CHROMULINALES
Chromulina sp.
Chrysococcus sp.
Kephyrion oval a
ORDER PRYMNESIALES
Chrysochromulina parva
Erkenia sp.
Erkenia subaiociliata
Katablepharis oval is
Rhysolenia sp.
ORDER CENTRALES
Coscinodiscus sp.
Cyclotella sp.
Cyclotella meneghiniana
Melosira sp.
Melosira granulata
Stephanodiscus sp.
ORDER PENNALES
Ackanthes sp.
Asterionella formosa
Cymbella sp.
Fragilaria crotonensis
Frustulia sp.
Gomphoneis sp.
Navicula sp.
Nitzschia palea
Synedra sp.
Synedra acus
PHYLUM PYRROPHYTA
ORDER GYMNODINIALES
Amphidiniurn sp.
Ceratium hirundinella
Glenodinium sp.
Glenodinium quadridens
Gymnodinium sp.
Peridinium sp.
PHYLUM CRYPTOPHYTA
ORDER CRYPTOMONADALES
Cryptomonas sp.
Cryptomonas curvata
Cryptomonas erosa
Cryptomonas gracilis
Cryptomonas marsoneii
Cryptomonas ovata
Cryptomonas phaseolus
Cryptomonas rostrate
Cryptomonas reflexa
Chilomonas sp.
Chilomonas paramaecium
Chroomonas acuta
Chroomonas coerulea
Monomastrix epistheoctyma
Rhodomonas minuta
Rhodomonas lacustus
PHYLUM EUGLENOPHYTA
ORDER EUGLENALES
Euglena sp.
Trachelomonas sp.
18
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Table 11. Dominant phytoplankton taxa in upper basin waters of Lake
Mead in 1977 and 1978.1
Month Iceberg Canyon Temple Basin
September 1977
November 1977
January 1978
February 1978
March 1978
April 1978
June 1978
July 1978
August 1978
September 1978
Synedra sp.
Rhodomonas minuta v.
nannoplanctica
Rhodomonas minuta v.
nannoplanctica
Rhodomonas minuta v.
nannoplanctica
Dinobryan sp.
Chroomonas coerulea
Lagerheimia quadriseta
Tracheolomonas sp.
Chlorella sp.
Chrysochromulina parva
Rhodomonas minuta v.
nannoplantica
Rhodomonas minuta v.
nannoplanctica
Rhodomonas minuta v.
nannoplanctica
Chrysochromulina
parva
Rhodomonas minuta v.
nannoplanctica
Anabaenopsis sp.
Ceratium hirudinella
Dinobryan sp.
Lagerheimia subsalea
Cyclotella sp.
Rhodomonas minuta v.
nannoplanctica
1 Paulson et al. 1980.
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Table 12. Zooplankton species identified from Lake Mead during 1977
and 1978.*
ROTIFERA
Asplanchna priodonta (Gosse)
Ascomorpha spp.
Brachionus calyciflorus (Pallas)
1- patulus (Muller)
_B. quadridentatus (Herman)
Collotheca sp.
Conochilus unicornis (Rousselet)
Dicrarophorus sp.
Euchlanis sp.
Filinia sp.
Kellicottia longispina (Kellicott)
Keratella cochlearis (Gosse)
J<. earlinae (Ahlstrom)
_K. quadrata (Muller)
J<. valga (Ehrbg)
Lecane (Lecans) luna (Muller)
_L. (Monostyla) lunaris (Ehrbg)
Lepadella sp.
Monommata sp.
Notholca (Muller)
Platygias quadricornis (Ehrbg)
Ploeosoma sp.
Polyarthra spp.
Syncheata sp.
Testudinella sp.
Trichocerca spp.
Hexarthra sp.
Keratella serrulata (Ahlstrom)
CLADOCERA
Macrochaetus sp. i.e.
guttata (Sais)
Alona
Alona ^
A^ . guadrangularis (Muller)
Bosmina lonqirostris (Muller)
Ceriodaphnia quadrangula (Muller)
Chydorus sphaericus (Muller)
Daphnia sp
_D . galeata
(Scourfield)
mendotae (Birge)_
£. pulex (leydig)
Diaphonosoma brachyurum (lieven)
Leptodora kindti (IFocke)
Moina sp.
Pholyphemus pediculus (Linne)
COPEPODA
Cyclops bicuspidatus thomasi (Forbes)
£. vernal is americanus (Fisheer)
Diaptomus clavipes (Schacht)
£• reighardi (Marsh)
J). siciloides (Lilljeborg)
Eucyclops agilis (Kock)
Macrocyclops albidus (Jurine)
Mesocyclops edax (Forbes)
Onychocamptus mohammed
(Blanchard and Richard)
1 Paulson et al. 1980.
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Table 13. Average zooplankton densities (No/m3) in upper basin waters of Lake Mead (Temple Basin
Virgin Canyon, and Gregg Basin) during 1986.1
Date
April 15, 1986
June 16, 1986
September 12, 1986
December 12, 1986
Zooplankton
group
Total
Copepoda
Cladocera
Rotifera
Total
Copepoda
Cladocera
Rotifera
Total
Copepoda
Cladocera
Rotifera
Total
Copepoda
Cladocera
Rotifera
0-10
69,402
52,008(74.9)a
10,081(14.5)
7,313(10.5)
58,860
31,601(52.0)
17,131(29.1)
11,128(18.9)
17,568
6,582(37.5)
2,540(14.5)
8,422(48.0)
15,679
11,705(74.6)
1,433( 9.1)
2,541(16.3)
10-20
52,223
35,843(68.5)
13,749(26.3)
22,701( 5.2)
11,391
8,595(75.4)
1,084( 9.5)
1,712(15.1)
6,102
4,004(65.6)
918(15.0)
1,180(19.4)
7,951
5,943(74.7)
661( 8.3)
1,431(18.0)
Depths (m)
20-30
34,657
28,595(82.5)
4,019(11.6)
2,043( 5.9)
4,641
3,134(67.5)
600(12.9)
907(19.6)
1,985
1,451(73.2)
283(14.2)
251(12.6)
4,863
3,968(81.6)
318( 8.3)
577(11.9)
30-40
11,552
10,301(89.2)
922( 8.0)
329( 2.8)
1,493
937(62.7)
161(10.8)
395(26.5)
953
575(58.5)
73( 7.7)
322(33.8)
4,464
3,725(83.5)
180( 4.0)
558(12.5)
40-50
9,137
8,280(90.6)
483( 5.2)
374( 4.2)
1,787
1,040(58.2)
571(32.0)
176( 9.8)
638
276(43.3)
63( 9.8)
299(46.9)
2,311
2,089(90.4)
98( 4.3)
124( 5.3)
1 Data collected by Environmental Research Center, University of Nevada, Las Vegas.
a Figures in parenthesis are percentages of the total.
species were apparent. Major spectes with peak periods of abundance
were as follows: Daphnia galeata mendotae, February/March; Daphnia
pulex, April/May; Bosmina longirostris, July to October (Paulson et
al. 1980). Copepods were represented by nine species and seasonal
differences appeared related to temperatures. Dominant species of
calanoid copepods with seasonal peaks of abundance were as follow:
Diaptomus siciloides, August/September; and, Diaptomus reighardi,
March to May. For cyclopoid copepods, commonest species were Cyclops
bicuspidatus (April/May) and Mesocyclops edax (August/September).
Recent zooplankton collections from upper basin waters of Lake
Mead indicate that greatest concentrations generally occur within
the upper 65.6 ft (20 m) especially during summer and fall stratifica-
tion periods (Table 13). During four sampling periods in 1986, average
total zooplankton numbers ranged from 6,102 to 69,402/m3 within the
0 - 65.6 ft (0 - 20 m) zone. Greatest numbers were found during early
spring prior to development of a stable thermocline. Copepods (includes
mature and immature instars) were numerically dominant on most dates
comprising 37.5 to 74.9 percent of all organisms within 0 - 65.6 ft
(0 to 20 m) depths. Copepod dominance was even greater (43.3 to 90.6
percent) in deeper waters. Greatest concentrations occurred in early
spring. Cladocerans comprised 8.3 to 29.1 percent of all zooplankton
organisms within 0 - 65.6 ft (0 to 20 m) depths, and reached greatest
densities in April and June (Table 13). Cladoceran densities dropped
abruptly in waters deeper than 65.6 ft (20 m). Rotifers averaged
1,180 to 11,128 individuals/m3 and generally comprised less than 20
percent of all zooplankton organisms in the upper 65.6 ft (20m).
Relatively small numbers or rotifers were collected below 30 m. Rotifer
densities were generally similar in April, June and September and
minimum numbers were collected in December (Table 13).
Benthic invertebrates have received attention only recently.
On-going studies by Pollard et al. (1987) have identified some
88 species of 68 genera and 10 phyla inhabiting Lake Mead (Table 14).
The only previous study focused on the benthic invertebrates was that
of Melancon (1977) which was restricted to Las Vegas Bay. Preliminary
information from Pollard et al. (1987) indicates that average densities
of total benthic invertebrates are greatest in the deep, mid - channel
areas of the narrow canyons (i.e. Boulder Canyon and Virgin Canyon).
Quantitative data taken in October, 1986, from several depth zones
throughout Lake Mead exclusive of the deep channels within the narrow
canyons, indicated densities in number per square meter as follows:
16.4 ft (5 m), 1,041; 49.2 ft (15 m), 901; 82.0 ft (25 m), 1,153;
147 ft 45 m, 874; 246 ft (75 m), 1,092; and, greater than 328 ft (100
m), 1,706. Thus, little evidence for a general gradient of benthos
densities with depth could be demonstrated when the whole of Lake
Mead was considered.
Average benthic invertebrate densities for upper basin water near
the proposed Spring Canyon Pumped Storage site are given in Table 15.
Densities tended to increase at 82 ft (25 m) depth and greatest numbers
were found in profundal regions (>131.2 ft, or >40 m depth). A very
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Table 14. Species of bottom invertebrates identified from Lake Mead.*
PHYLUM PORIFERA
Family Spongillidae
Eunapius fragilis (Leidy)
PHYLUM COELENTERATA
Family Hydridae
Hydra oligactis
Family Clavidae
Cordylophora lacustris
Family Petasidae
Craspedacusta sowerbyi
PHYLUM PLATYHELMINTHES
Family Planariidae
Dugesia tigrina
Family Macrostomidae
Macrostomum sp.
PHYLUM NEMERTEA
Prostoma graecense
PHYLUM ROTATORIA
Limnias sp.
PHYLUM NEMATODA
Family Dorylaimidae
Dorylaimus
Family Mermithidae
Paramermis sp.
PHYLUM BRYOZOA
Family Paludicellidae
Pottsiella erecta
Family Plumatellidae
Stolella indica
Plumatella casmiana
Plumatella repens
PHYLUM ENTOPROCTA
Family Urnatellidae
Urnatella. gracllis
PHYLUM ANNELIDA
Family Naididae
Chaetogaster diaphanus
Chaetogaster diastrophuys
Dero digitata
Naias pseudobtusa
Naias variablilis
Pristina plumaseta
Family Tubificidae
Branchiura sowerbyi
Limnodrilus cervix
Limnodrilus hoffmesteri
Potamothrix baven'cus
Tubifex tubifes
CLASS HIRUNDINEA
Family Pisciolidae
Myyzobdella lugubris
PHYLUM ARTHROPODA
CLASS CRUSTECEA
ORDER CLADOCERA
Family Macrothricidae
Ilyocryptus sordidus
Family Chydoridae
Pleuroxus denticulatus
ORDER OSTRACODA
Family Candonidae
Candona sp.
Family Cypridae
Cypridopsis vidua
Eucypris sp.
Herpetocypris sp.
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Table 14. Species of bottom invertebrates identified from Lake Mead.1
(Continued)
Family Limnocyteridae
Limnocythere glypta
Limnocythere inopinata
ORDER AMPHIPODA
Family Talitridae
Hyaella azteca
ORDER DECAPODA
Family Astacidae
Procambarus clarkii
CLASS ARACONOIDA
ORDER ACARINA
Piona sp.
Hydroxetes sp.
CLASS INSECTA
ORDER PLECOPTERA
Undetermined species
ORDER EPHEMEROPTERA
Family Baetidae
Baetis sp.
ORDER ODONATA
Family Aeshnidae
Family Libellulidae
Pachydiplax longipennis
Family Coenagrionidae
Ishnura spp.
ORDER HEMIPTERA
Family Corixidae
ORDER TRICHOPTERA
Family Hydroptilidae
Oxyethira sp.
Stactobella sp.
ORDER DIPTERA
Family Ceratopogonidae
Bezzia coloradensis
Liptoconops kerteszi^
Family Chironomidae
Larsia sp.
Procladius freemani
Tanypus stellatus
Cricotopus sylvestris
Psectrocladius
Chironomus sp.
Chironomus attenuatus
Chironomus riparius
Chironomus tentans
Chironomus salinarius
Chryptochironomus sp.
Cladopelma sp.
Parachironomus sp.
Dichrotendipes californicus
Wirthella modocensis
Microtendipes caducus
Paralauterborniella subcincta
Polypedilum digitifer
Tanytarus confusus
Tanytarsus guerlus
Cladotanytarsus sp.
Nimbocera sp.
PHYLUM MOLLUSCA
CLASS GASTROPODA
Tryonia clathrata
Hydrobiidae, aff. Pyrgulopsis
Fossaria parva
Physella gyrina
Physella virgata
Gyraulus pan/us
Ferrissia californica
CLASS PELECYPODA
Corbicula fluminea
Pisidium casertanum
1 Taxonomic list from Pollard et al. 1987.
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Table 15. Average densities (No/m2) of bottom invertebrates (all
taxa combined) at various depths in upper basin water of
Lake Mead during October 1986.1
Depth
Area 5 m 15 m 25 m
Temple Basin 728 (3)b 95 (1) 1,605 (4)
Virgin Canyon -
Gregg Basin 779 (2) 1,187 (3) 2,261 (3)
Profundala
3,344 (3)
17,930 (3)
1,938 (1)
1 Data from Pollard et al. 1987.
a Profundal is defined as depths over 40 meters.
b Figures in parenthesis indicate the number of samples.
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high value of 17,930 organisms per square meter in Virgin Canyon is
most noteworthy. An analysis of the taxonomic composition of benthic
invertebrates within various depth zones had not been reported by
Pollard et al. (1987) at the time of this writing. Diversity of
the benthos (average number of species per sample) was not considered
to be clearly related to depth, although values ranged from 8.5 species
per sample at 246 ft (75 m) depth to lows of 6.8-7.4 species per sample
in 16.4 - 82 ft (5 - 25 m) depth (Pollard et al. 1987).
Benthos numbers tended to be higher upstream near the Colorado
River inflow to Lake Mead, and there was a general trend of decreasing
densities downstream through Gregg Basin, Temple Basin and Virgin Basin.
In Boulder Basin, an increase occurred, perhaps related to the generally
higher productivity in the lower basin waters (Pollard et al. 1987).
Crayfish (Procambarus clarkii) received special attention by
Pollard et al. (1987) because of their potential as prey for sportfish.
From trapping surveys conducted in shallow water (82 ft or 25 m)
lakewide, and in more restricted locations during October and December,
1986, and February, 1987, a total of 670 trap days yielded 43 individual
crayfish. From this, it was determined that crayfish densities are
very low, perhaps some 0.02-0.04 per square meter (Pollard et al. 1987).
Trapping in waters 6.6 - 37.1 ft (2-11.3 m) deep within Temple Basin,
Virgin Canyon and Gregg Basin during October, 1986, provided only
one crayfish from some 60 trap days of effort, indicating an extremely
low abundance of crayfish near the Spring Canyon Pumped-Storage site.
Some 23 species of fish exist in Lake Mead, although very rare
species such as the freshwater eel, bonytail chub, flannelmouth sucker
and gila mountain sucker are questionable today (Table 16; Allan and
Roden 1978). Most species are exotic in that they have been imported
and stocked from other regions.
Lake Mead provides a valuable sport fishery with important species
being striped bass, largemouth bass, channel catfish, bluegill and
black crappie. Fishing effort and catch have recently been estimated
for the 10 year period 1976 to 1985 (Table 17; Hutchins 1984; McLelland
and Burgoyne 1986). Annual total number of angler days ranged from
391,473 to 716,547 and fish biomass harvested ranged from 551,340
to 2,763,495 pounds during 1976 to 1983 (Table 17). Most of the angling
effort has been directed towards two species: largemouth bass and
striped bass. (Table 18; Hutchins 1984). Since 1976, the amount of
interest in these species expressed by anglers has reversed. Striped
bass were sought by only 11 percent of anglers in 1976 but this had
increased to about 62 percent in 1983. Conversely, some 40 percent
of all anglers sought largemouth bass in 1976, but this had fallen
to 15 percent in 1983 (Table 18). Throughout 1976 to 1983, considerable
numbers of anglers were indiscriminate, apparently seeking any sport
fish they could catch.
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Table 16. List of fish species from Lake Mead.l
Family and species Notes
Anguillidae, freshwater eels
Freshwater eel (Anguilla rostrata)
Clupeidae, herring and shad
Threadfin shad (Dorosoma petenense)
Salmonidae, trout and salmon
Cutthroat trout (Salmo clarki)
Brown trout (Salmo trutta")
Rainbow trout (SaTmo gairdneri)
Cyprinidae, minnows
Bonytail chub, (Gila elegans)
Carp (Cyprinus carpi o")
Golden shiner (Notemigonus crysoleucas)
Fathead minnow (Pimephales promelas)
Red shiner (Notropis lutrensis)
Goldfish (Carassius auratus)
Very rare
Abundant
Uncommon
Rare
Uncommon (once common)
Rare
Abundant
Uncommon
Uncommon
Common
Rare
Catostomidae, suckers
Razorback sucker (Xyrauchen texanus) Uncommon
Flannelmouth sucker (Catostomus latipinnis) Status unknown
Gila mountian sucker TCatostomus clarkil Status unknown
Ictaluridae, catfishes
Channel catfish (Ictalurus punctatus)
Black bullhead (Ictalurus melas)
Poeciliidae, livebearers
Mosquitofish (Gambusia affinis)
Percichthyidae, temperate basses
Striped bass (Morone saxatilis)
Centrarchidae, sunfishes
Largemouth bass (Micropterus salmoides)
Black crappie (Pomoxis nigromaculatus)
Green sunfish (Lepomis cyanelluT)
Bluegill (Lepomis macrochirus)
Percidae
Wa11 eye (Stizostedion vitreum)
Abundant
Rare
Some tributing streams
Common
Common
Abundant
Common
Abundant
Rare
1 Modified from Allan and Roden 1978. Data from Bradley and Deacon 1967,
LaRivers and Trelease 1952, LaRivers 1962, Wall is 1951, and Arizona
and Nevada stocking records.
27
Table 17. Number of angler days, fish caught per angler, and total
biomass of sport fish harvested (pounds) from Lake Mead
during 1976 to 1985.1
Year
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
Angler days
405,696
391,473
460,931
593,668
596,316
561,184
639,846
716,547
588,525
625,548
Fish caught per angler
1.10
1.42
1.60
1.87
1.21
1.27
1.28
1.41
1.71
1.44
Total biomass harvested
551,340
681,624
943,497
2,763,495
1,662,577
1,103,065
1,499,948
1,765,417
-
-
iHutchings 1984; McLelland and Burgoyne 1986.
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Table 18. Percent of angler effort directed at various sport fishes in Lake Mead during 1976 - 1983.
Year Largemouth bass
1976
1977
1978
1979
1980
1981
1982
1983
40.2
32.9
29.9
11.6
6.3
11.4
11.0
15.0
Black crappie
1.3
0.8
1.4
2.8
1.4
2.9
3.1
0.1
Channel catfish
5.2
5.9
6.9
3.2
1.1
7.0
2.8
1.7
Striped bass
11.0
11.3
15.5
51.5
62.3
48.9
55.5
61.7
Salmonids
7.1
4.6
5.1
3.1
0.6
-
2.0
0.8
Bluegill Indiscriminate
0.3
0.2
0.3
0.3
0.1
0.3
0.1
0.03
34.9
44.4
40.9
27.6
28.2
29.5
25.5
20.7
Hutchings 1984
Creel census data from 1976 to 1983 demonstrate interesting trends
regarding numbers caught and percentage composition comprised of major
sport fish species (Table 19). Striped bass catches in 1976 were
only around 6,000 fish, however some 505,000 individuals were taken
(50 percent of all sport fish) in 1983. Largemouth bass was the major
species caught in 1976 (32 percent) but this species contributed only
9 percent in 1979, and 20 percent in 1983. Channel catfish were caught
in greatest numbers in 1979, though this species has exhibited some
consistency comprising 20 to 33 percent of the creel during 1976
to 1983 (Table 19). Black crappie catches have dwindled in recent
years, and though this species comprised 23 to 26 percent of the earlier
creel (1976 to 1978), only 3 percent of all fish taken in 1983 were
black crappie. Bluegill was similar to black crappie in that fewest
numbers were caught in later years of the creel study (1982 and 1983).
Peak catches occurred in 1981 when bluegill comprised 21 percent of
the creel. Rainbow trout comprised a relatively small percentage
of the catch throughout 1976 to 1983 (Table 19; Hutchins 1984).
In general, the perception is that sport fishing has declined
in Lake Mead in recent years, attributable mainly to a shortage of
nutrients required for primary production. This situation has prompted
experiments with artificial fertilization of selected sites with the
ultimate goal of promoting more sport fish production (Paulson
et al. 1987).
The remaining fish species of major interest in Lake Mead is
the threadfin shad. This open-water species is in high abundance and
provides the major forage base for the predator sport fish. Threadfin
were first introduced into Lake Mead in 1954 when 274 fish were released
near Stewart Point (Allan and Roden 1978). In 1955, 11,000 individuals
were released into Lake Mead, and this successfully established the
species (Trelease 1956; La Rivers 1962).
r
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Table 19. Total catch and percent of catch of sport fish in Lake Mead during 1976-1983.
Largemouth
bass
Year
1976
1977
1978
1979
1980
1981
1982
1983
Total
143,251
136,194
155,610
99,914
82,256
137,584
73,582
202,066
Percent
32.1
24.5
21.1
9.0
11.4
19.3
11.5
20.0
B l a c k
crappie
Total
103,087
148,423
190,272
185,397
134,928
123,327
83,180
30,309
Percent
23.1
26.7
25.8
16.7
18.7
17.3
13.0
3.0
Channel
ca t f i sh
Total
117,368
165,656
240,422
275,319
163,790
189,624
174,678
202,066
Percent
26.3
29.8
32.6
24.8
22.7
26.6
27.3
20.0
Striped
bass
Total
6,248
12,786
30,237
445,174
262,641
111,208
268,735
505,166
Percent
1.4
2.3
4.1
40.1
36 '.4
15.6
42.0
50.0
R a i n b o w
trout
Total
4,463
13,341
36,137
13,322
5,051
121
21,755
10,103
Percent
1.0
2.4
4.9
1.2
0.7
-
3.4
1.0
Bl u e g i l l
Total
66,494
75,601
78,174
86,592
70,711
148,990
15,356
60,620
Percent
14.9
13.6
10.6
7.8
9.8
20.9
2.4
6.0
Hutchings 1984.
SPRING CANYON PUMPED-STORAGE POWERPLANT
The proposed Spring Canyon Plant site is on the Arizona side of
Lake Mead within the Lake Mead National Recreation Area approximately
40 air miles (64.4 km) east of Boulder City, Nevada (Figure 1; USBR 1987).
The site is located in a dry wash known as Spring Canyon, and is just
south of Virgin Canyon on Lake Mead, west of Hualapai Wash and east of
Gregg's Hideout (Osprey Bay; USBR 1982). The proposed facility would
use off-peak electrical energy (nights and weekends) to pump water from
Lake Mead up into a newly created reservoir (forebay), and would generate
power during peak demand periods (daytime) by dropping water back through
reversible pump - turbines into Lake Mead.
The development of 2,000 megawatts (MW) of generating capacity is
proposed through use of eight reversible pump-turbines, each rated at
250 MW generating capacity (USBR 1987). The proposed site has the potential
for development of 4,000 MW of generating capacity, which would make Spring
Canyon the largest such single development in the world. The present
assessment relates only to the planned 2,000 MW facility.
i
Each pump-turbine would be a Francis type reversible unit with a
rotational speed of 257 revolutions per minute (rpm). The total pump
head for best pumping efficiency (design head) is 855 ft (261 m), though
maximum and minimum pumping heads would be 930 and 706 ft (284 and 215 m;
USBR 1987). Water flow per pump-turbine during pumping would be 3,480
ft3/s (98.5 m3/s) at design head, and 2,950 and 4,366 ft3/s (83.5 and
123.6 m3/s) at maximum and minimum head respectively. The turbine head
(generating mode) is rated at 750 ft (229 m), with maximum and minimum
heads at 870 and 646 ft (265 and 197 m) respectively. The maximum effici-
ency head for turbine generation is higher than the maximum head which
the turbine will operate, a result of the design of Francis type pump
- turbines (USBR 1987).
For a 2000 MW hydroelectric facility, estimates have been made through
computer techniques of monthly volumes of water required for pumping and
generating activities corresponding to pump energy required and energy
generated (Table 20; USBR 1987). Some 5.75 x 10° acre-ft of Lake Mead
water could be annually pumped into and released from the upper reservoir
(forebay) of the Spring Canyon power plant. Average monthly values for
pumping and generating could be about 479,000 acre-ft. Months when pumping
activity would be greater than average would be May through August. During
September through April, monthly pumping activity would be below average.
Minimal pumping would occur in March and maximum in August. Months when
generating activity would be above average would include January, then
May through August. Generating activities below average would occur Septem-
ber through December, and again February through April. Minimal generating
may occur in September and maximum in August.
Daily variations in water flow rates for the Spring Canyon plant for
a typical "high active" week (i.e. in July) were estimated and are shown
in Figure 2. Positive values for flow indicate movement towards Lake
Mead, while negative values indicate movements towards the forebay, or
32
Table 20. Estimates of energy generated and pumping energy used, along
with water volumes required by month for a 2,000 Megawatt
Spring Canyon Pumped-Storage Powerplant.l
Month
1
2
3
4
5
6
7
8
9
10
11
12
Totals
Range
Mean
Pump
Energy
(MWh)
435,139
404,226
417,096
370,701
473,059
489,762
495,549
503,427
383,786
365,580
360,392
439,861
Volume
Pumped
(Acre-feet)
466,528
441,847
465,213
421,411
543,592
564,593
564,768
568,073
431,801
405,597
396,335
477,950
5,747,708
396,335-
568,073
478,976
Energy
Generated
(MWh)
354,966
307 ,038
297,769
291,284
364,173
355,872
371,136
388,190
259,582
299,049
283,523
319,868
Generation
Volume
(Acre-feet)
499,875
441,744
434,769
434,450
560,952
551,083
567,184
587,048
380,984
433,605
406,962
456,550
5,755,206
380,984-
587,048
479,601
iUSBR 1987
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upper reservoir. The upper reservoir should be at maximum capacity and
maximum head on Monday morning when generation begins. Peak electrical
usage in the Southwestern United States during summer occurs between
10:00 a.m. and 10:00 p.m. on weekdays, with highest usage occurring from
about 2-4 p.m. This electrical demand period is reflected in water flow
patterns shown in Figure 2, where generating flows may approach 27,000
ft3/s (764.6 m3/s) during early afternoons of weekdays. Maximum flows
from Lake Mead to the forebay during weekdays occur at night (pumping)
and may approach 16,000 ft-Vs (453 m3/s). These peak pumping flows may
be sustained for 5-6 hours. During weekends, power plant activity would
primarily be focused on pumping, and night peak flows may be sustained
longer (Figure 2).
It is anticipated that lined tunnels with maximum velocities of 20 ft/s
(6.1 m/s) would be constructed for waterways between the underground power
plant and Lake Mead. Four such "tailrace" tunnels, each 28 ft (8.5 m)
in diameter, would be required for a 2,000 MW plant (Figure 3; USBR 1987).
Length of the tailrace tunnels would be about 4,200 ft (1,280 m). The
four tailrace outlets would enter Lake Mead in Slide Cove, at about eleva-
tion 1,000 ft (305 m). Considering a minimum Lake Mead water surface
elevation of 1,050 ft (320 m) and maximum of 1,210 ft (369 m), water
depths above the proposed outlets could range 50-210 ft (15.2 - 64 m,'
though it is anticipated that such depths would normally be on the high
side of this range. The present tailrace outlets design includes vertical
outlets with velocity caps to reduce vertical jets and vortices, thus
reducing potential surface turbulence in Slide Cove and the main canyon
waters (USBR 1987). Potential face velocities of the outlet orifices
are as yet not well defined, though earlier information indicated that
face discharge velocities could range between 15-20 ft/s (4.6 - 6.1 m/s).
The upper reservoir would be formed by construction of a dam embank-
ment at its eastern end and three smaller dike embankments at the western
end (Figure 1; USBR 1987). The dam would be about 386 ft (117.7 m) high
with a crest length of some 2,570 ft (783.5 m). Probably, the dam would
be designed as a central core rockfill type. A dam outlet works would
be included to allow the upper reservoir to be evacuated if needed, since
evacuation of the upper reservoir by discharging through the power plant
would only be possible down to elevation 1,875 ft (571.7 m), leaving some
300 ft (91/5 m) of depth. The outlet works is designed for a maximum
discharge capacity of about 400 ft3/s (11.3 m3/s), though small volumes
could be discharged downstream for potential benefits to wildlife habitat
(USBR 1987). The dike embankments would also be central core rockfill
types, with a combined crest length of approximately 6,900 ft (2,104 m;
Figure 1).
The maximum operating surface water elevation of the upper reservoir
forebay would be 1,950 ft, though an additional 6 ft (1.8 m) of surface
elevation would be provided for flood storage and freeboard. At 1,950 ft
(594.5 m) elevation, the surface area would be about 1,820 acres. Reservoir
volume capacity at elevation 1,950 ft (594.5 m) would be about 218,000
acre-ft. Of this, some 59,200 acre-ft (27.2 percent) would be used for
power generation, representing reservoir elevations 1915-1950 ft (583.8
594.5m). A relatively large amount of "inactive" volume, some 157,200
acre-ft (72 percent),
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would be contained within elevations 1,638 to 1,915 ft (499.4 - 583.8 m)
and below this, a "dead" volume of some 1,700 acre-ft (1.6 percent) would
be contained within elevations 1,558 to 1,638 ft (475 499.4 m).
The drainage area of the upper reservoir would be about 8.83 mi 2
(22.87 km2), which is relatively small considering the 218,000 acre-ft
maximum volume. The volume of the "probable maximum flood" off the forebay
watershed was calculated at 5,409 acre-ft, which is only some 2.5 percent
of the total forebay volume. The probable maximum flood inflow to the
forebay is about 5,501 acre-ft, which would cause a maximum rise in the
forebay water surface of only 2.99 ft (0.9 m; USBR 1987). The average
gross annual evaporation loss from the forebay has been estimated at 11,800
acre-ft, though surface water temperature should belower than in Lake
Mead which should scale down this prediction.
The elevation of the upper reservoir drainage basin ranges from about
1,558 ft (475 m) at the dam site to more than 3,000 ft (914.6 m)on the
bordering hills. The slope of the main thalweg is 2.73 percent, and the
basin is relatively flat for over 80 percent of the area, with the remainder
as steep, hillside slopes (USBR 1987). Over 90 percent of the basin area
is vegetated with Mojave desert vegetation forms. Cresote bush (Larrea
tridentata) is the dominant plant, though total plant cover is considerably
less than 50 percent of the ground area. The mean annual sediment yield
to the forebay has been estimated at 1.46 acre-ft/yr/mi2 , or a total annual
yield of about 12.9 acre-ft/yr (USBR 1987). Thus, after 50 and 100 year
periods there may be some 645 and 1,289 acre-ft of sediment respectively,
deposited in the forebay. This amounts to only 0.3 - 0.6 percent of the
entire volume of the forebay.
The water intakes of the upper reservoir would be located at about
1,870 ft (570 m) elevation. Present plans indicate a canal type of intake
structure, approximately 500 ft (152.4 m) wide, which branches into twin
channels leading to the headrace tunnels (Figure 3). Water depths over
the bottom of the intake could range from 45 to 80 ft (13.7 - 24.4 m)
depending upon surface elevation of the upper reservoir. The entire intake
system was sized to limit velocities through the trashracks to about 2 ft/s
(0.6 m/s). Two headrace tunnels, each 36 ft (11.0 m) in diameter, would
lead from the upper intake structure down to the underground power plant,
a distance of about 2,550 ft (777.4 m; USBR 1982).
As indicated earlier, flow through the waterway system of the Spring
Canyon Pumpes-Storage Plant could approximate 5.7 million acre-ft per
year, in each direction. Thus, the upper reservoir water, with a total
maximum volume of 218,000 acre-ft, could be completely exchanged some
26 times annually. This is an average monthly turnover of about 2.2 times,
or about 0.55 times per week.
Expected water level changes of the upper reservoir during a "high
active" week (i.e. in July) have been modeled by the Hydraulics Branch,
Lower Colorado River Region, Bureau of Reclamation for a power plant which
generates a peak of 2,000 MW during an assumed wet year (elevations for
Lake Mead assumed to be 1,202.3 - 1209.8 ft, or 366.6 - 368.8 m). Beginning
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on Monday morning around 10:00 a.m. the reservoir is at full pond (elevation
1,950 ft, or 594.5 m; Figure 4). With commencement of generation, levels
begin to drop and would be lowered to about elevation 1,936 ft (590.2 m)
by Monday night. Following this, pumping would resume by late Monday
night and the reservoir would be pumped up to about elevation 1,945 ft
(593.0 m) on Tuesday morning. This pattern would be followed through
the weekdays until by late Friday night, the reservoir elevation would
near minimum for the week (elevation 1,915 ft (583.8 m; Figure 4). With
increased pumping on the weekends, the reservoir would be brought back
to full pond by Monday morning, ready for the next weekly program. Under
this model, daily changes of elevations during generation on weekdays
would be around 15 ft (4.6 m); for pumping, about 9-10 ft (2.7 - 3.1 m).
During weekends, elevation increases would be about 35 ft (10.7 m;
Figure 4).
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METHODS AND MATERIALS
_>~
The majority of the limnological data for the Spring Canyon Pumped
Storage environmental assessment was collected under the auspices of the
Lower Colorado Region Reservoir Monitoring Program (RMP), which was
implemented by the Bureau of Reclamation in December, 1985. Under the
monitoring program, Lakes Mead, Mohave and Havasu are being sampled monthly
at 19 different locations by the Environmental Research Center, University
of Nevada - Las Vegas. The RMP provides a general update of physical,
chemical and biological conditions, but in addition studies were designed
and parameters selected to help evaluate impacts from the proposed Spring
Canyon Pumped-Storage Plant as well as impacts of the Las Vegas Wash Salinity
Control Project.
The majority of data being collected under the RMP is being taken on
Lake Mead. Sampling stations LM01-LM13 are shown in Figure 5. Data from
LM09, LM10 and LM11 are the primary data used for the present assessment
(Figure 5). These stations are also designated as follows: LM09 = Temple
Basin; LM10 = Virgin Canyon; LM11 = Gregg Basin. Also, monthly data from
the one year period 17 May, 1986, to 17 April, 1987, comprise the major
limnological information base for this assessment. Sampling dates along
with time, air temperature and elevations of Lake Mead are given in Table 21.
Fisheries data were taken during 1986 and 1987 near the proposed Spring
Canyon Powerplant site by the Bureau of Reclamation's Environmental Sciences
Section, Denver, Colorado, and by personnel from the Lower Colorado Regional
Office, Bureau of Reclamation.
PHYSICAL DATA
Water temperature (°C), pH, dissolved oxygen (ppm) and conductivity
(umhos cm~l) were taken with a calibrated Hydrolab Model IIA multiparame-
ter probe or Model 8000 Water Quality Analyzer (Hydrolab Corporation, Austin,
Texas). During May through December, 1986, and again in April, 1987, data
were taken every 3.28 ft (1 m) down to 98.4 ft (30 m) depth. Below 98.4
ft (30 m), readings we made every 16.4 ft (5 m) to the bottom. In March,
readings were taken every 3.28 ft (1 m) to 32.8 ft (10 m), after which
monitoring continued every 16.4 ft (5 m). During January and February,
1987, readings were made at 16.4 ft (5 m) internals from surface to bottom.
Bottom depth varied from about 279 ft (85 m; LM11) to 410 ft (125 m; LM09).
Water transparency and light penetration data were taken on each sampling
date with a secchi disc and a Li-Cor Model L-192 Underwater Quantum Sensor.
Light energy was measured as microeinsteins/cm2(uE/cm*) for every 3.28 ft
(1 m) within the 0 - 65 ft (0 - 20 m) depth strata. The available energy
at each meter of depth was then compared to available energy at the water
surface to get a value for percent of light transmitted.
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Figure 5. Stations for physical, chemical, and biological monthly sampling on Lake Mead
associated with the Lower Colorado Region Reservoir Monitoring Program.
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Table 21.
Date
17 May 86
16 Jun 86
18 Jul 86
13 Aug 86
12 Sep 86
17 Oct 86
14 Nov 86
12 Dec 86
15 Jan 87
12 Feb 87
20 Mar 87
17 Apr 87
I
Time,
and bi
Time
1600
0840
0830
0845
0648
1500
0700
0715
1600
0750
0705
0740
\ i
air temperature, and 1
ological conditions in
Temple Basin
1 ! ! ' '
ake elevations associated
Lake Mead, 1986 and 1987
Air temp. Lake elev. Time
24.5
31.5
31.0
32.0
-
25.5
14.5
9.0
8.0
-
15.0
19.9
1205.6
1209.8
1207.7
1207.0
1207.9
1208.9
1208.9
1208.9
1210.3
1210.5
1209.4
1207.7
0930
1017
0930
1030
0820
1230
0815
0850
1505
0905
0825
1245
Virgin Canyon
I
with samp!
Air temp. Lake elev.
26
35
32
31.5
-
24.5
21
10
13
-
13
28.5
1205.6
1209.8
1207.7
1207.0
1207.9
1208.9
1208.9
1208.9
1210.4
1210.5
1209.4
1207.7
1
ing for
Time
1000
1120
1100
1220
1255
0810
1015
1050
1300
1100
1020
0900
I i
physical ,
Gregg Basi
Air temp.
24
34.5
33
36
-
19
22
14
12
-
19
22
1 '< '
chemical ,
n
Lake elev.
1205.6
1209.8
1207.7
1207.0
1207.9
1208.9
1208.9
1208.9
1210.4
1210.5
1209.4
1207.7
_NUTRIENTS, CHLOROPHYLL A, AND SALINITY
Collection and preservation of water samples for nutrients, chloro-
phyll and salinity analyses followed guidelines and methods as specified
in "Standard Methods for the Examination of Water and Wastewater," 16th
EditfonT1985,(APHA,AWWA,WPCF). Laboratory analyses of water samples
were done according to specifications described in "Standard Methods" as
well as the following books: "Techniques of Water Resources Investigations
USGS," Book 5, Laboratory Analysis,1979;"Manua
Analysis of Water and Wastewater," EPA,
of the
Chemical
of Methods for
Office
Biological
of Technology
Chemical andTransfer, Washington, D. C.; and,"Methods For
Physical Analyses in Reservoirs," Lake Mead Limnological Research Center,
University of Nevada - Las Vegas.
'
Nutrients
Water samples for nutrient analysis were collected monthly in integrated
fashion from 0 - 16.4 ft (0-5 m) at all three stations with a 3-liter Van
Dorn sampler. At stations LM09 (Temple Basin) and LM11 (Gregg Basin) point
samples were taken at 65.6 and 229.6 ft (20 and 70 m) depth. At station
LM10 (Virgin Canyon) point nutrient samples were taken at 32.8, 65.6, 131.2,
and 229.6 ft (10, 20, 40 and 70 m) depths. The following parameters were
analyzed using the methods noted:
Parameter Method
Ammonia, Total (mg/1)
Nitrate, Total (mg/1)
Nitrite, Total (mg/1)
TKN (mg/1)
Nitrogen, Total (mg/1)
Ortho Phosphorous, Dissolved
Phosphorous, Total Dissolved
Phosphorous, Total (mg/1)
(mg/1)
(mg/1)
Phenate
Hydrazine Reduction-Diazotization
Diazotization
TKN-Salicylate Hypochloride
Calculated
Automated Phosphomolybdate
Persulfate Digestion
Persulfate Digestion
Chlorophyll
Chlorophyll concentrations were determined from integrated samples
taken monthly within 0 - 16.4 ft (0-5 m) depths at stations LM09, LM10
and LM11. Chlorophyll and phaeophytin concentrations, (mg/1) were determined
by the cold acetone extraction method and analysis was done using a spectro-
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rphotometer. Concentrations were calculated using Jeffries Humphreys equation
(University of Nevada, Las Vegas, Environmental Research Center).
Salinity
Water samples for analysis of major ion concentrations and total
dissolved solids were taken monthly at 0, 32.8, 65.6, 131.2, 229.6, and
328 ft (0, 10, 20, 40, 70 and 100 m) depths at station LM09; at 0, 32.8,
229.6 ft (0, 10, 20, 40 and 70 m) depths at station LM10;
65.6, 131.2, and 229.6 ft (0, 10, 20, 40 and 70 m) depths
These samples were transferred to the Bureau of Reclamation
Boulder City, Nevada, where the following analyses
total dissolved solids, sodium, potassium, calcium,
65.6, 131.2, and
and at 0, 32.8,
at station LM11.
laboratory in
were performed:
magnesium, chloride, sulfate, bicarbonate and carbonate ion,
were expressed as mg/1 dissolved material.
All constituents
ZOOPLANKTON
Zooplankton samples were taken monthly in duplicate using vertical
tows with a number 20 closing plankton net. Tows were made from the 165 ft
(50 m) depth towards the surface for each 32.8 ft (10 m) depth segment.
The samples were preserved with a 5 percent formalin/sucrose solution and
stored at room temperature. From each concentrated plankton sample, three
1-ml subsamples were withdrawn, transferred to a Sedgewick Rafter counting
cell, and the zooplankton were counted to the lowest taxon practical.
Zooplankton were then displayed as numbers/m3.
FISH
and populations
Basin. Several
to the fishery
1983) but past
with operation
Several methods were employed to assess fish distribution
in Virgin Canyon and nearby areas of Gregg Basin and Temple
fishery studies have addressed specific questions related
resources of Lake Mead (Morgensen 1983; Paulson and Baker
studies have not addressed concerns associated specifically
of a pumped-storage powerplant and possible adverse effects of such a
powerplant on fishery resources. Mobile hydroacoustic surveys using dual-beam
hydroacoustic technology were performed in Virgin Canyon and adjacent areas
of Gregg and Temple basins. Near-surface larval fish sampling was conducted
at selected sites in Virgin Canyon and Gregg Basin in 1986; both near-surface
and deep larval fish sampling was conducted at one site in Virgin Canyon
in 1987. Diving observations were performed in July 1986 and January 1987,
at several sites in Virgin Canyon. Qualitative single-beam sonar surveys
were conducted monthly from May 1986 to June 1987. Limited g i l l netting
to determine species composition was conducted in Virgin Canyon in July
1986.
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Hydroacoustic Surveys, Dual-Beam
Mobile hydroacoustic surveys usi'ng dual-beam hydroacoustic technology
were performed quarterly at five sites in Virgin Canyon designated VI through
V5, and in adjacent areas of Gregg Basin and Temple Basin, designated G
and T, respectively, in April, July, and October 1986, and January 1987
(Figure 6). The areas of primary concern in this study in relation to asses-
sing possible impacts on the fishery resources of Lake Mead were the proposed
locations of the inlet-outlet works for the powerplant, the base scheme
location called the canyon site, or V2, and the "preferred" site in Slide
Cove upstream of Osprey Bay, called the cove site, or V4. Three other loca-
tions within Virgin Canyon having similar topographical features were selected
for comparative study: VI was upstream of V2, V3 was between V2 and V4,
and V5 was downstream of V4 (Figure 6) At each of the five Virgin Canyon
sites, five cross-reservoir transects were surveyed. Some of the following
methodology has been excerpted from the Final Report - Mobile Hydroacoustic
Fishery Study in the Virgin Canyon Area of Lake Mead, Nevada (Biosonics,
Inc. 1987).
To provide a more detailed account of fish distribution in the immediate
vicinity of the two proposed inlet-outlet locations, a fine-scale transect
pattern was surveyed at both sites. These fine-scale transects are illustrat-
ed by the inserts in Figure 6. At the proposed canyon site, a pattern of
radial transects .was run about 30 degrees apart from a central point.
Estimated transect length was 525 ft (160 m). At the preferred cove site,
the radial pattern was not appropriate, so a series of six closely spaced
parallel transects were chosen. The transects extended across the entire
cove and were approximately 246 ft (75 m) apart.
Since the volume of water is relatively small in Virgin Canyon compared
to the whole of Lake Mead, it was hypothesized that potential environmental
impact might extend to the neighboring basins. Therefore, four cross-lake
transects were run in Gregg Basin to the east (GA - GD) and four more in
Temple Basin to the west (TA - TD; Figure 6).
For each of the four quarterly sampling dates, two complete surveys
of the transects shown in Figure 6 were completed. The first pair of surveys
was completed on 29 and 30 April, 1986. The second pair was run on 31 July,
1986. The third pair of measurements occurred during 29-31 October, 1986.
An extra survey day was required because of a failure in the video recorder.
The final two surveys were completed during 21-22 January, 1987. Day and
night transects run on 28 April, 1986, in Temple Basin indicated no
significant change in area! or vertical distribution of fish. Since accurate
placement and replication of transects was desired, the primary transect
pattern was surveyed during the day. However, observations of changes in
the fish community suggested performing limited nighttime hydroacoustic
surveys during the October and January sampling periods.
The hydroacoustic data collection and analysis system used for the
four quarterly surveys of the Virgin Canyon area is shown in Figure 7.
The system consisted of a dual-beam echo sounder operating at a frequency
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Figure 6. Dual-beam hydroacoustic study site in Lake Mead showing study areas,
transects, and proposed inlet/outlet locations for the Spring Canyon
Pumped-Storage Powerplant (from BioSonics 1987).
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Figure 7. BioSonics dual-beam h'ydroacoustic data acquisition and analysis system (BioSom'cs 1987
of 420 kHz. This echo sounder could operate simultaneously with 20 and
40 log R time varied gains (TVG) for collection of data for echo integration
or dual-beam processing. The nominal beam widths of the dual-beam transducer
were 6 degrees for the narrow element and 15 degrees for the wide. The
use of a dual-beam system offers a significant advantage over a single-beam
system used by some commercial and sport fishermen, as explained below.
The transducer was mounted in a hydrodynamic "V-fin" and towed off the side
of the boat at a speed of 4.3 - 5.3 ft (1.3 - 1.6 m) per second. The trans-
ducer was about 1.6 ft (0.5 m) below the water surface and pointed straight
down.
All data were recorded on a digital recording system for later signal
processing. The narrow beam voltages were also sent to a slave chart recorder
to create a paper strip chart record. During data collection, voltages
from the echo sounder were monitored on an oscilloscope. For both April
surveys, data were collected with a pulse width of 0.4 msec and a TVG of
40 log R. In July, pulse width was increased to 0.8 msec and TVG was 40
log R. In October, the first survey was collected with a pulse width of
0.8 msec and TVG of 40 log R. The second October survey used a pulse width
of 0.4 msec and simultaneous 20 and 40 log R TVG. For the final surveys,
pulse width was 0.4 msec, and simultaneous 20 and 40 log R TVG was used.
The acoustic size or target strength and fish density are two types
of information normally extracted from hydroacoustic survey data. The acous-
tic size (target strength) of a fish is a measure of its reflectivity and
is a function of the physical size of the fish. It is normally calculated
by converting the voltage from a single fish echo into target strength.
The echo size from any fish depends on how far away it is from the acoustic
axis of the sound cone or insonified volume. Conversion from voltage to
target strength for quantification is a problem due to two unknowns: fish
size and position in the beam.
The dual beam technique removes one unknown: position of fish in the
beam. By comparing the voltage returning from the narrow and wide beam
for each fish echo, the positional effect can be measured and compensated
for. Details of the dual-beam theory and application are discussed in Appen-
dices E and F of the Final Report Mobile Hydroacoustic Fishery Study in
the Virgin Canyon Area of Lake Mead, Nevada (Biosonics 1987).
Acoustic survey data digitized and recorded on video tape were p'layed
back into a BioSonics Model 181 Dual-Beam Processor, a microprocessor that
counts and measures each single fish echo. These measurements were trans-
ferred to a personal computer for storage and postprocessing.
The processing of the data from the dual-beam processor was done in
one of two ways. The first method processed stored echoes with a program
called TS, which estimated the acoustic size frequency of the fish population
from all stored echoes. The second method used a program called TRACK.
As an individual fish passed through the sound field, it was detected several
times. The TRACK program converted these several echoes from a single fish
into an average target strength for that fish. This averaging gives a more
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precise target strength estimate because of the highly variable nature of
fish reflectivity. If a fish population has two size classes that are not
discernible with the TS program, the bimodality is often easily seen with
TRACK. These dual-beam counting techniques were used to estimate fish densi-
ties for the April, July and January surveys when fish densities were relati-
vely low. An additional methodology was used for estimating densities for
the October, 1986 survey, and is explained below.
Density is number or weight of fish per unit volume. If most echoes
are from single fish, the dual-beam technique can be used as a counter.
The associated volume of water sampled acoustically for each transect was
estimated in several steps. The acoustic beam angle was defined in the
dual-beam analysis process: all targets outside of this angle were excluded.
The cross-section or volume of the cone for each depth stratum was calculated
by simple trigonometry. When fish were counted (the TRACK program), sample
volume was estimated by multiplying the stratum cross-sectional area of
the acoustic cone by the transect length at stratum depth. When echoes
were counted (the TS program), sample volume was calculated by multiplying
the stratum cone volume by the number of cones transmitted. Number of trans-
missions was adjusted for transect profile. In these situations, the dual-
beam system gives an unbiased estimate of density.
If fish schools or multiple targets (echoes arriving simultaneous-
ly from more than one fish) are present, the dual-beam technique will underes-
timate density. In these instances, the echo integration technique is necess-
ary. Echo integration is a technique that measures the total reflected
energy from all fish in the sound field. To properly convert the integrator
output into fish density, the average energy per fish, called the mean back-
scattering cross-section, is needed, and is obtained using the dual-beam
measurement system and the TS program.
Echo integration requires use of 20 log R TVG. If this TVG was not
used during data collection, it can be mathematically corrected in the inte-
grator. Acoustic survey data recorded on video tape were played back'into
a BioSonics Model 121 Digital Echo Integrator, and the output was stored
_ on disk in a personal computer. A post-processing program called CRUNCH
combined backscattering cross-section estimates and acoustic calibration
to scale the integrator estimates into absolute densities. This technique
was used to process the October survey.
Target strength/length relationship. The relationship between target strength
and fish length has been investigated by many researchers, but is still
at best an approximation. The relationship proposed by Love (1971) gives
the best results. This relationship is defined as:
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TS = 19.1 log (L) - 0.9 log (f) - 62.0
where: TS = target strength (dB)
L = fish length (cm)
f = frequency (kHz)
The following target strengths are converted into fish lengths for biological
evaluation of Lake Mead target strength measurements:
TS (dB) Fish Length (in) Fish Length (cm)
-30 24.8 63.0
-40
-50
-60
7.4
2.2
0.7
18.9
5.7
1.7
For ease of comparison and to make the analysis relevant to determining
possible impacts on the fishery due to operation of the powerplant, the
water column was divided into depth strata based on observed fish distribution
and on the proposed elevation of the inlet-outlet works. Densities and
target strength distributions were calculated in the following depth strata
for each area:
3.3 - 32.8 ft (1 - 10 m)
32.8 - 82.0 ft (10 - 25 m)
82.0 - 164 ft (25 - 50 m)
164 - 246 ft (50 - 75 m)
264 - 328 ft (75 - 100 m)
For estimating population sizes, the volume of water in each stratum
for each transect was needed. The first step was to define a lake area
represented by each transect. This surface area was the product of the
transect length at the center depth of the stratum and the width of the
area represented by that transect. This area times the thickness of the
stratum gave the stratum volume.
Since this portion of the fishery assessment extended over 10 months,
it was desirable to develop a method to measure and compensate for long
term electronic and acoustic drift in system calibration. It was not known
how the abuse of air freighting the system and the vibrations from the boat
might affect this drift. To check for calibration changes, an acoustic
standard target (ping pong ball) was suspended below the transducer and
measured once during each of the quarterly surveys. A standard target is
one with known acoustic reflectivity (target strength). It was not necessary
to place the target directly on the acoustic axis, since the dual-beam techni-
que would determine the position of the target in the sound field and mathema-
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tically "move" it on axis. By measuring the target with the echo sounder,
dual-beam processor, and computer software, every component of the dual-beam
target strength system was tested. Measurements snowed no drift in the
calibration of the acoustic system.
Hydroacoustic Surveys, Single-Beam
Personnel from the Bureau of Reclamation's Lower Colorado Region conduc-
ted nine single-beam hydroacoustic surveys from May 1986 through June 1987,
to compare relative fish densities in different areas of Lake Mead. Surveys
and data comparisons were concentrated in the three major canyon areas of
Lake Mead including Iceberg, Virgin, and Boulder Canyons, although the origin-
al study also included sites in Boulder Basin and Temple Basin (Figure 5).
A total of 13 representative canyon transects totaling 5.1 - 5.7 mi (8.2
- 9.2 km) were repeatedly surveyed. Four transects in Iceberg Canyon ranged
from 1,018 - 2,108 ft (310 - 643 m) in length, five in Virgin Canyon ranged
between 1,336 - 3,240 ft (407 - 988 m), and four in Boulder Canyon ranged
between 1,020 - 5,653 ft (311 - 1,724 m). General physical features of
the three canyons are as follows:
Parameter Iceberg Virgin Boulder
Length 2.9 mi (4.7 km) 3.5 mi (5.6 km) 3.5 mi (5.6 km)
Depth Range 94 - 153 ft 280 - 328 ft 393 - 404 ft
(27 - 47 m) (85 - 1900 m) (120 - 123 m)
Mean Depth 131 ft (40 m) 286 ft (87 m) 398 ft (120 m)
A Lowrance Model X-15B single-beam hydroacoustic fish finder with
recording graph was used for the surveys. Depth setting was 0 - 100 ft
(0 - 30.5 m) meaning that only fish near the surface and down to 100 ft
(30.5 m) were detected with this method. A 20 degree transducer was mounted
on the stern of a 28 ft (8.5 m) outboard motorboat.
The majority of the transects were completed between 10:00 a.m. and
4:00 p.m., although several were begun as early as 8:30 a.m. Results (numbers
of fish targets counted from paper charts) were standardized to a density
value expressed as the number of fish targets observed per 20 ft (6.1 m)
depth increment per a linear distance of 1,000 ft (305 m).
Egg and larval fish sampling
Larval fish sampling was conducted in 1986 and 1987. During 1986,
sampling was done on seven occasions during 9 April to 29 July at the canyon
site and the preferred site (cove site) for the inlet-outlet works in Virgin
Canyon, and at a site in the lower end of Gregg Basin. The site in Gregg
Basin was downstream from the mouth of Hualapai Bay along a nearly vertical
rock wall. For the first two sampling periods, two half-meter nets, connected
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by a towing bracket., were utilized. From May through July, 2 ft (0.6 m)
^^  diameter Bongo nets were used. A Bongo net system consists of two fine-mesh
plankton nets with deep fiberglass collars joined together by a swivel
bracket. The tow cable is attached to the swivel bracket behind the mouth
opening of the nets, thereby reducing turbulence usually caused by a towing
— harness or yoke. The Bongo net system of two nets side by side towed through
the water provides spatial and temporal replicates. Each of the two plankton
nets used initially was equipped with a General Oceanics Model 2030 flowmeter,
while for the May and early June sample, the Bongo nets had only one flowmeter
suspended inside the collar of one net. A second flowmeter for the Bongo
net system was installed prior to the late June sample period. Flowmeters
mounted in the mouth of each net were necessary to calculate the volume
of Lake Mead water filtered through each net during sampling. The two
half-meter nets had a net mesh size of 505 micrometers, while the Bongo
nets had a net mesh size of 333 micrometers. These net mesh sizes are
commonly employed and recommended for larval fish sampling. The smaller
mesh size is recommended and used for sampling when small larvae such as
shad are suspected or known in the system. The Bongo net system is commonly
employed in assessing the abundance of larval fish of commercially important
marine finfishes. Both net systems, when deployed at each site, were towed
for 5 minutes and sampled the water column from a depth of about 16.4 ft
(5 m) to surface. Nets were washed down and the collected material was
— concentrated in the collection cup. All material was transferred to 1 liter
sample bottles and preserved with 5-10 percent formalin for later laboratory
examination.
In the laboratory, the preserved samples were examined for the presence
-— of fish eggs and larvae. Any eggs or larvae found were identified to lowest
practical taxon and retained in separate sample vials with 5 percent formalin
as the preservative. Identification of most larvae was verified by personnel
from the Larval Fish Laboratory at Colorado State University, Fort Collins,
Colorado.
In 1987, additional egg and larval fish sampling was conducted on 6
and 27 May, 10 and 25 June, and 7 and 28 July. Egg and larval tows during
these periods were made in the middle of Virgin Canyon just upstream from
Slide Cove, the preferred site for location of the inlet-outlet works, using
the Bongo net apparatus described previously. Both daytime and nighttime,
and shallow and deep replicate tows were made. Shallow tows were oblique
from 5 meters to the surface. Deep tows were made in the same location,
to determine if either eggs or larvae were present at the elevation of the
proposed inlet-outlet works.
Vertical Gill netting
Vertical gillnetting was employed on a limited basis in July 1986 in
an attempt to determine fish species composition. Vertical gillnets of
-*• six different mesh sizes were employed. Square-mesh sizes were 3/4 in
(19.1 mm), 1 in (25.4 mm), IV in (31.8 mm), !5/s in (41.3 mm), 2 in (50.8
mm), and 2% in (63.5 mm). These six individual nets, taken together and
deployed at a site constituted a "set". All nets except the P/8 in (41.3 mm)
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net were 10 ft (3.1 m) wide; the !5/8 in (41.3 mm) net was 9 ft (2.7 m)
.*»-' wide. Each net was 400 feet (122 m) long. Arizona and Nevada Game and
Fish Departments and National Park Service officials were contacted about
any special requirements for placing buoys in waters of Virgin Canyon.
___ Following discussions with these officials, Lower Colorado regional personnel
placed .buoys at the cove and canyon sites, the two sites where vertical
gillnets were to be deployed and where hydroacoustic transects were run.
To secure net reels while the nets were fishing, a guy line consisting of
\h (12.7 mm) nylon rope was attached to the buoy, then stretched across
the sample site and tied off to a point on the rocky shoreline. Vertical
gillnets were then attached to the guy line. Nets were randomly picked
__ for deployment. Spreader bars made from \n (12.7 mm) galvanized steel
conduit, either 9 or 10 ft long (2.8 - 3.1 m), were placed on the bottom
of each net and approximately every 30 feet (9.1 m) along the nets. Spreader
bars prevented the nets from collapsing on themselves, and ensured that
the nets fished effectively when deployed. After nets were payed out to
the bottom, the net reel containing remaining net was tied securely to the
guy rope. The net reels with excess net generally floated on or were just
— below the water surface. A previous study on Seminoe Reservoir in Wyoming
using these vertical gillnets found that 94 percent of the fish collected
were collected during overnight sets, or the period from just before dark
_ to just after dawn. Vertical gillnets in Lake Mead were therefore set
overnight. One overnight set was made at the canyon site (V2 of the
hydroacoustic study) on 28 July, 1986, and lifted on 29 July, 1986; another
overnight set was made at the cove site (V4 of the hydroacoustic study)
on 29 July, 1986, and lifted on 30 July, 1986. The depth and times fished
for each vertical gillnet set in the canyon and cove are shown in Table
22.
Underwater Investigations (SCUBA)
The availability of the Bureau of Reclamation Lower Colorado regional
dive team allowed additional investigations to be conducted to elucidate
fish species composition during the July 1986 and January 1987 hydroacoustic
surveys. The goal of the dive effort was to determine presence of fish
and identify the species, where possible, including their number and depth.
A substantial portion of the following methodology has been excerpted or
summarized from memorandum reports from a regional fishery biologist and
member of the dive team to the Regional Planning Officer, dated 14 August,
1986, and 12 February, 1987 (Mueller 1986; 1987).
Three different diving techniques were used to determine fish species
composition, numbers, and depths where fish were found in the study area.
— They included: timed dives at specific depths (15, 30, 45, 60 ft, or 4.6,
I 9.1, 13.7, 18.3 m) along canyon and cove walls; timed dives across or perpen-
dicular to the Colorado River Channel; 3) timed dives on structure without
staying at any specific depth.
Four divers participated in these surveys. Dive conditions in July
1986 were sunny and calm. Water visibility varied with depth and location
r_ and ranged from 15 ft (4.6 m) near the surface to less than 3 ft (0.9 m)
j at an 85 ft'(25.9 m) depth near Channel Island.
r 53
Table 22. Depth and time fished for vertical gill nets at the canyon
site and cove site in Virgin Canyon, Lake Mead.
Mesh Size Depth Hours Fished
Canyon site (V2) lb/8 inch 13.7 m 14:50
28-29 July, 1986 3/4 jnch 15.3 m 14:47
1 inch 18.3 m 14:43
T< inch 21.4 m 14:47
2Jf inch 24.4 m 14:55
2 inch 27.5 m 14:54
Cove site (V4) 1 inch 50 m 12:40
29-30 July 1986 3/4 incn 55 m 12:45
Ik inch 60 m 12:45
2Jf inch 65 m 12:50
2 inch 60 m 12:50
!5/8 inch 60 m 12:45
I 54
r
Both locations proposed for placement of the inlet-outlet works, and
the north wall of Virgin Canyon (opposite the preferred site) were examined
in the first method (Figure 8). Divers, diving in two teams, swam parallel
to shore. The first team had a diver swim at a depth of 15 ft (4.6 m) and
the other diver at 30 ft (9.1 m). The second team repeated the procedure
but at the deeper depths of 45 and 60 ft (13.7 and 18.3 m). These depths
were selected so that the field of vision of each diver would overlap and
would provide the best coverage possible. Prior to the dive the divers
were briefed on fish identification. Each diver kept a record of their
observations on underwater slates. The dives were timed and observations
recorded on permanent records on board the dive boat following each dive.
In the second method, divers were towed by boat across deeper waters
(Figures 8 and 9). An 80 ft (24.4 m) weighted line was tied off the bow
of the dive boat. Divers would dive in two teams similar to the cove dives
but would hang on to the line while being towed by the boat. Once under
tow, divers would correct their depths, using depth gauges by moving up or
down the line as required to maintain the selected depths of 15, 30, 45,
and 60 ft (4.6, 9.1, 13.7 and 18.3 m). On each tow the speed of the boat;
was about 2.0 ft (0.61 m) per second. These tows were also timed.
The third technique was essentially a random observation procedure.
Two areas were examined, one directly off Channel Island and the other on
a nearby reef (Figure 8). During these observations divers were not required
to stay at any specific depth other than somewhere between 0 and 60 ft
(18.3 m). Divers recorded the species, number and depth where they made
their observations. As with the other dives, these were also timed.
Specific information taken during these dives included the fish species,
their number, and relative size in the case of largemouth bass. Largemouth
bass were divided into the following size groups: fish larger than 6 in
(15.2 cm), fish 3 to 6 in (7.6 to 15.2 cm), and fish smaller than 3 in
(7.6 cm). The young-of-the-year bass were in different stages of
development and ranged from 1 to 3 in (2.5 to 7.6 cm) in length. Schools
of fry were counted, and their number estimated.
55
r
01
Nor th Canyon «ite
(Potential
Inlet/Outlet site)
"Slide Cove
(Preferred »lte for
In let /Out let S t r u c t u r e )
Figure 8. Schematic of the Virgin Canyon area in Lake Mead showing general sites where underwater
(SCUBA) fish observations were made. Boat tows equal •••••"••; cove wall and "on structure"
dives equal .
Figure 9. Schematic of the SCUBA towing technique used for observing
fish in open waters of the Virgin Canyon area, Lake Mead.
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RESULTS
PHYSICAL DATA
Water Temperature
Water temperature in Virgin Canyon reached a maximum of 28.4°C on 13
August in surface water, and a minimum of 10.5°C at 328 ft (100 m) depth
on 12 February. These values were similar to those at Temple Basin. However,
the maximum surface temperature at Gregg Basin was 30.8°C (13 August; Appen-
dix Tables A 1 through A 12).
1
May, 1986. Water temperatures were very similar in the upper 55.8 ft
( 17 m) a t V i r g i n Canyon, varying from 19.0-19.8°C. Temperatures dropped
from 18.7 to 17.6°C between 59 - 62.3 ft (18 - 19 m). Temperature changes
per meter of depth below 62.3 ft (19 m) were less than 1°C to the bottom
(344.4 ft, or 105 m), though a gradual decline resulted in a bottom value
of 12.1°C (Figure 10; Table A 1). Surface and bottom temperatures at Gregg
Basin and Temple Basin were very similar to Virgin Basin, though profile
patterns varied. At Gregg Basin, cooler temperatures generally prevailed
at each meter down to 91.8 ft (28 m) when values were similar to those at
Virgin Canyon. Differences between stations down to 91.8 ft (28 m) were
as great as 3°C (49.2 ft or 15 m; Table A 1). The thermal profile at Temple
Basin was similar to Virgin Canyon, though temperatures were slightly less
at each meter to 42.6 ft (13 m). At 46 ft (14 m), differences between sta-
tions were 1.1°C, and differences of > 1°C persisted down to 59 ft (18 m).
Below 59 ft (18 m), temperatures between Temple Basin and Virgin Canyon
were similar at comparable depths (Table A 1).
June, 1986. Surface temperatures in Virgin Canyon had increased to
23.9°C by 16 June, 4.1°C above the previous month (Table A 2 ). A consistent
decrease down to 49.2 ft (15 m), though less than 1°C per 3.3 ft (1 m),
brought temperatures to 18.5°C. Between 49.2 ft (15 m) and 52.5 ft (16 m),
temperatures fell 1.1°C, and below this to the bottom (328 ft, orlOO m),
a consistent decrease (<l°C/m) resulted in a bottom temperature of 12.3.°C
(Figure 10; Table A 2). Surface waters at Gregg Basin were 25.8°C, 1.9°C
higher than at Virgin Canyon. Temperatures remained slightly higher at
Gregg Basin down to 23 ft or 7.0 m depth. Between 23 ft (7 m) and 32.8
ft (10 m) temperatures dropped rapidly (4.6°C) indicating that a metalimnion
of 9.8 13.1 ft (3-4 m) deep had formed. Below 32.8 (10 m), temperatures
declined gradually to the bottom (295 ft, or 90 m; 12.4°C), establishing
a hypolimnion some 259 ft (79 m) deep (Table A 2). At Temple Basin, surface
temperatures were also higher than at Virgin Canyon (25.1 vs 23.9°C) and
waters were nearly
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Figure 10. Temperature profiles at Virgin Canyon, Lake Mead,
during May to October, 1986.
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homothermous down to 19.7 ft (6 m) (Table A 2). Between 19.2 - 23.0 ft
(6 m - 7 m), temperatures dropped 1.3°C to 23.0°C, and dropped another 3.1°C
through 23.0 - 32.8 ft (7 - 10 m) depth's. Below 32.8 ft (10 m), small decrea-
ses per meter resulted in a bottom temperature of 12.0°C (Table A 2). Thus,
an epilimnion from 0 - 19.7 ft (0 - 6m), metal imnion from 23.0 - 32.8 ft
(7 - 10 m), and hypo! imnion of 36.1 - 361 ft (11 - 110 m) depth had been
established in Temple Basin by mid-June. This was a thermal structure very
similar to that upstream at Gregg Basin. Thermal stratification in Virgin
Canyon during June was not as clearly demonstrated.
July, 1986. Temperatures were 25 - 25.7°C within the top 19.7 ft (6 m)
at Virgin Canyon in July, and small decreases below 19.7 ft (6 m) resulted
in 22.2°C at 42.6 ft (13 m) (Table A 3). Between 42.6 - 45.9 ft (13 - 14 m),
temperature dropped 1.7°C, and slight decreases per 3.3 ft (1 m) down to
82 ft (25 m) brought temperatures to 16.9°C. At 82 - 85.3 ft (25-26 m),
temperatures again decreased at least 1°C, but only small changes per 3.3 ft
(1 m) occurred throughout the remainder of the water column. Bottom tempera-
tures at 328 ft (100 m) were 12.2°C (Figure 10; Table A 3). At Gregg Basin,
surface temperature was again greater than at Virgin Canyon (27.4 vs 25.7°c).
Slowly falling temperatures resulted in 23.7°C water at 36.1 ft (11 m).
Between 36.1 ft - 42.6 ft (11 - 13 m), temperatures fell 3.7°C marking a
shallow, 6.6 ft (2 m) metalimnion (Table A 3). A deep hypol imnion was
observed between 45.9 - 278.8 ft (14 - 85 m). Throughout this column of
some 232.9 ft (71 m), temperatures slowly declined with depth to 12.5°C
at the bottom (Table A 3). However, between 98.4 - 114.8 ft (30 - 35 m),
temperatures dropped 1°C. This may have been reflective of a deep density
current originating upstream from the Colorado River. At Temple Basin, a
26.2 ft (8 m) deep epilimnion was observed with temperatures of 25.4-26°C.
An apparent metalimnion had developed between 29.5 49.2 ft (9 - 15 m), where
temperatures changed from 23.4 to 19.3°C. Below 49.2 ft (15 m), temperatures
declined slowly with depth and reached 12°C at the bottom (Table A 3).
August, 1986. Temperatures decreased gradually (<l°C/m) from 28.4°C at
the surface to 25.1°C at 36.1 ft (11 m) in Virgin Canyon. A metalimnion
was apparent between 36.1 - 49.2 ft (11 - 15 m) when temperatures dropped
from 25.1 to 20.7°C (Figure 10; Table A4). Below 49.2 ft (15 m), a gradual
decrease resulted in 12.5°C water at the bottom. Interestingly, temperature
dropped 1°C between 98.4 - 14.8 ft (30 -.35 m) in the hypolimnion. Again
this may be reflective of a deep density current originating upstream from
the Colorado River. At Gregg Basin, epilimnial waters (30.8 - 27.8 °C)
were present from 0 - 23.0 ft (0 - 7 m), below which a metalimnion from
26.2 - 42.6 ft (8-13 m) depth (26.5-21.7°C) had developed. The hypolimnion
was some 232.9 ft (71 m) deep with bottom temperatures at 12.7°C (Table
A 4). As in Virgin Canyon, an abrupt temperature change occurred in the
deep hypolimnion. Temperatures dropped from 18.3 to 15.4°C between 98.4 -
131.2 ft (30-40 m), possibly indicating the presence of a deep density
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current. Surface and bottom temperatures at Temple Basin were similar to
Virgin Canyon, and an epilimnion of about 26.2 ft (8 m) was followed by
a metalimn ion from 29.5 - 59.0 ft (9-18 m) (27.8-20.3°C). Deeper water
from 62.3 - 360.8 ft 19-110 m formed a hypolimnion where temperatures gradu-
ally decreased from 18.5 to 12.3°C (Table A 4). Evidence for a deep density
current, as indicated upstream by a relatively sharp temperature drop through-
out a limited depth zone, was not apparent in Temple Basin.
September, 1986. A more uniform epilimnion (24.5-25°C) was apparent in
Virgin Canyon compared to the previous three months (Figure 10; Table A 5).
Surface temperatures had dropped some 3.4°C since August. Temperatures
dropped sharply at 49.2 ft (15 m), and a metalimnion with 23.5-20.3°C water
occurred between 49.2 - 59.0 ft (15-18 m. A deep hypolimnion with tempera-
tures of 12.5-19.9°C extended from 62.3 ft (19 m) to the bottom, and a nota-
ble, rapid, thermal change (2.2°C) occurred between 98.4 - 131.2 ft (30 -
40 m), again indicating existence of a deep density current. At Gregg Basin,
a shallower epilimnion was apparent (0 - 36.1 ft, or 0 - 11 m) with
temperatures of 24.7 - 26.6°C, followed by a shallow metalimnion (39.4 -
49.2 ft, or 12 - 15 m depth) with 21.3-23.8°C water (Table A 5). The hypolim-
nion began about 9.8 ft (3 m) above that at Virgin Canyon, and again, a
sharp temperature change in deep water (131.2 - 147.6 ft, or 40 - 45 m)
indicated presence of a density current. The thermal profile at Temple
Basin was very similar to that at Virgin Canyon, although a broader
metalimnion was apparent and temperatures within the metalimnion and upper
hypolimnion were slightly lower than at Virgin Canyon (Table A 5).
October, 1986. Thermal profiles from Virgin Canyon, Gregg Basin and
Temple Basin were very similar in October, and though surface and bottom
temperatures differed by 6.7-7.8°C, differences per 3.3 ft (1 m) of depth
were very small (Figure 10; Table A 6). For example, a difference of 1.2°C
was recorded between 114.8 - 131.2 ft (35 - 40 m) at Temple Basin, which
was the only occasion when temperatures differed as much as 1°C between
two consecutively sampled depth intervals (Table A 6). Thus, thermal strati-
fication was actively breaking up in October. Surface temperatures had
decreased to about 20 C, some 5.5°C lower than recorded in September.
November, 1986. Temperatures in upper waters of Virgin Canyon, Gregg
Basin, and Temple Basin continued to fall in November. Surface temperatures
averaged about 17.5°C, some 2.5°C lower than in October. Thermal profiles
were similar among the three sites, with near isothermal conditions persis-
ting in the upper 98.4 ft, or 30 m (Figure 11; Table A 7). Small temperature
differences between consecutively sampled depths were observed, the greatest
being only 0.7°C (Table A 7). Bottom temperatures, which had generally
exhibited small, consistent increases since May, oreached maximum annual
values at Gregg Basin and Temple Basin (13.9 and 12.6°C respectively).
December, 1986. Thermal profiles from December were nearly identical
among Virgin Canyon, Gregg Basin and Temple Basin. Surface temperatures
were 14.5-15.0°C and bottom values ranged 12.6-13.3°C (Figure 11; Table A 8).
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Conditions were nearly homothermous above 131.2 ft (40 m) at all sites,
and differences below 131.2 ft (40 m) between consecutively sampled depths
were never greater than 0.3°C.
January, February and Harch, 1987. Temperature patterns for these
months were similar among Virgin Canyon, Gregg Basin, and Temple Basin.
Profiles generally showed small, decreasing temperatures with depth, with
no thermal stratification apparent (Figure 11; Tables A 9 through A 11).
Bottom values ranged from 10.4 to 11.4°C while surface temperatures varied
narrowly between 12.6 to 13.6°C considering all sites and months for the
period. In March, temperatures in upper waters of Gregg Basin (0 - 65.6 ft,
or 0 - 20 m) tended to be slightly higher than at the other two sites.
Apri 1, 1987. During April, thermal profiles from Virgin Canyon, Gregg
Basin and Temple Basin were nearly identical. Surface temperatures varied
from 18.4-18.8°C while bottom temperature was 11.4°C at all sites (Figure 11;
Table A 12). Temperatures had warmed rapidly from March, and surface waters
were about 5.6°C greater. Temperature changes greater than 1°C between 6.6 -
9.8 ft (2 - 3 m) at Virgin Canyon and Gregg Basin gave indication of deve-
lopment of early spring thermal stratification (Table A 12).
Dissolved Oxygen.
A total of 1,286 individual dissolved oxygen determinations were taken
during March, 1986 through April, 1987 at Virgin Canyon, Gregg Basin and
Temple Basin. Dissolved oxygen ranged from 3.4 ppm at the bottom of Gregg
Basin on 17 October, 1986 to 11.7 ppm at 6.6 ft (2 m) in Temple Basin on
20 March, 1987 (Tables 23 through 25). However, most values fell between
7.0-10.9 ppm (88.4 percent) with the most common range being 8-8.9 ppm
(33.2 percent; Table 26). Dissolved oxygen readings below 7.0 ppm were
rare, and were found only in deepest zones. Readings above 11 ppm were
uncommon, and were found at various depths during winter months.
Oxygen data at all depths from monthly profiles taken at Virgin Canyon,
Gregg Basin and Temple Basin are given in Appendix Tables B 1 through B 12.
Depth profiles for Virgin Canyon are given in Figures 12 and 13. Dissolved
oxygen at Virgin Canyon ranged from 5.1 at bottom depths on 12 September to
11.5 ppm at 295.2 ft (90 m) depth on 12 February, (Table 23). Most values
(81.1 percent) fell between 7-10.9 ppm (Table 26). Profile data from May
through October show generally high dissolved oxygen values in the upper
(32.8 ft, or 10 m) (8.2-10.7 ppm) with gradual declining concentrations
to the bottom. Dissolved oxygen was lowest at bottom depths during September,
October, and November (5.1-5.4 ppm). During December, 1986 through April,
1987 dissolved oxygen concentrations varied within a narrow range of 8.2-11.5
ppm, and values were very similar from surface to bottom (Figure 13; Tables
8 through B 12).
Oxygen profiles from Gregg Basin and Temple Basin were very similar to
Virgin Canyon with minor variations. At Gregg Basin, generally fewer rea-
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Table 23. Summary of dissolved oxygen concentrations (ppra) at Virgin
Canyon, Lake Mead, during 1986 and 1987.
Date
May 17
July 18
August 13
September 12
October 17
November 14
December 12
January 14
February 12
March 20
April 17
Surface
10.5
9.5
8.5
8.9
9.3
9.1
8.8
9.4
10.8
10.9
9.9
Bottom
(100-110 m)
7.5
7.5
6.4
5.1
5.2
5.4
9.3
9.7
11.3
10.7
10.4
Maximum3
10.5
9.5
(S, 12 m)
10.7
(9 m)
8.9
(S, 1 m)
9.3
9.1
(S, 1, 3-6, 40, 50-60 m)
9.3
(60, 75-85, 95-100 m)
9.7
(75-100 m)
11.5
(90 m)
10.9
11.0
(6-7 m)
Minimum3
7.5
7.4
(90 m)
6.4
5.1
5.2
(95, 100 m)
5.1
(105 m)
8.2
(27 m)
9.1
(30-35 m)
10.2
(30 m)
10.2
(35-40 m)
9.9
a Values in parentheses indicate depths where maximum and minimum oxygen
concentrations were found.
64
Table 24. Summary of dissolved oxygen concentrations (ppm) at Gregg
Basin, Lake Mead, during 1986 and 1987.
Date
May 17
July 18
August 13
September 12
October 17
November 14
December 12
January 14
February 12
March 20
April 17
Surface
9.1
9.0
7.7
9.0
9.1
9.3
9.9
9.5
10.5
11.1
10.7
Bottom
(85-90 m)
7.9
6.4
4.5
4.7
3.4
5.8
9.3
10.2
10.3
10.7
9.8
Maximum3
9.8
(4 m)
9.7
(10 m)
10.9
10 m)
9.1
(1, 2 m)
9.1
9.3
(S, 70 m)
9.9
(22,
10.2
11.3
(65, 80 m)
11.1
10.8
(24-28m, 35-45 m)
Minimum3
7.9
6.4
4.5
4.7
g
3.4
5.8
8.1
28, 29, 45 m)
9.4
(10-40 m)
10.0
(25 m)
10.3
(25-30 m)
9.8
3 Values in parentheses indicate depths where maximum and minimum oxygen
concentrations were found.
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Table 25. Summary of dissolved oxygen concentrations (ppm) at Temple
Basin, Lake Mead, during 1986 and 1987.
Date
May 17
Jul 18
Aug 13
Sep 12
Oct 17
Nov 14
Dec 12
Jan 14
Feb 12
Mar 20
Apr 17
Surface
7.5
8.9
8.2
.7.9
9.0
9.1
9.0
9.2
11.5
11.4
10.4
Bottom
(100-125 m)
4.8
8.2
6.9
6.4
6.1
6.7
5.3
9.7
11.3
10.7
10.8
Maximum3
8.8
(16 m)
10.3
(9 m)
8.3
(10 m)
8.1
(22-23 m)
9.0
(S, 1 m)
9.6
(9, 10, 14, 15 m)
9.0
9.7
(100-110 m)
11.5
(S, 85, 95 m)
11.5
(2 m)
10.4
Minimum3
4.4
(120 m)
8.2
6.6
(85 m)
6.3
(105 m)
6.0
(100 m)
6.4
(100 m)
4.9
(95 m)
9.1
(5-65 m)
10.3
(105 m)
10.4
(15, 30-50 m)
11.0
(8-10 m; 12, 14-16 m)
a Values in parentheses indicate depth where maximum and minimum oxygen
concentrations were found.
r
f
66
r
25-
50 H
W
E-
scH
CL,
w
Q 75 H
iooH
125
LEGEND
° = 5-86
0 = 7-86
A = 8-86
+ = 9 -86
x = 10 - 86
OXYGEN (mg/1)
ri
r
Figure 12. Dissolved! oxygen profiles at Virgin Canvon l akp iu^nduring May to October, 1986. ^nyon, Lake Mead,
67
25
CO
OS
w
3^
a
H
cu
w
Q
50
75 H
100H
125
LEGEND
D = 11 - 86
o = 12 - 86
A = 1-87
+ = 2 -87
x = 3-87
o = 4 -87
OXYGEN (mg/1)
10
r
r
dings below 8 ppm were recorded (11.4 percent vs 16.9 percent
at Virgin Canyon) although the minimum value for the year (3.4 ppm) occurred
at Gregg Basin (Tables 24 and 26). At Temple Basin, generally more readings
fell below 8 ppm compared to Virgin Canyon (31.7 percent vs 16.9 percent;
Table 26). Thus, moving downstream from Gregg Basin into Temple Basin,
lowered dissolved oxygen concentrations (<8 ppm) became generally more
frequent.
r
pH values consistently indicated alkaline conditions and ranged from
7.3 at bottom depths during May to 8.5 in the top 32.8 ft (10 m) of water
during July (Tables 27 through 29; Appendix Tables C 1 through C 12). Maximum
differences in pH units between surface and bottom waters were as follows:
Virgin Canyon, 0.7 in June, September and November; Gregg Basin, 1.0 in
October; Temple Basin, 1.0 in December. Depth profiles of pH from Gregg
Basin and Temple Basin were generally similar to the profile at Virgin Canyon.
During May through October, pH values in upper waters 0 -32.8 ft (0-10 .m)
varied little with depth. Average pH for these depths was as follows:
May - 7.9; June - 8.0; July 8.5; August - 8.2; September - 8.5; October
8.3. From 32.8 ft (10 m) depth to the bottom, pH gradually declined for
each of these months. During November through March, pH ranged between
7.9-8.3 throughout the water column in Virgin Canyon, except for depths
147.6 - 360.8 ft (45-110 m) in November when pH ranged from 7.6-7.8
(Table 27). During April, pH at Virgin Canyon exhibited a different profile
pattern compared to other stations. pH was lower in surface waters (7.8)
and gradually increased to 8.2 at bottom depths. At Gregg and Temple Basins,
a common pattern of higher pH in upper waters (8.3-8.4) followed by declining
values to the bottom (8.1-8.2) was observed (Table C12).
Conductivity
Conductivity ranged from 694 umhos cm'1 in September at 114.8 ft
(35 m) depth in Gregg Basin to 856 umhos cm~l in July in surface waters
at Temple Basin (Appendix Tables D 1 through D 12; Table 30; Figures 14
and 15). Maximum and minimum conductivities within the water columns for
comparable months were similar among the three stations though a slight
elevation of conductivity tended to occur from upstream (Gregg Basin) to
downstream (Temple Basin; Table 30). Seasonally, conductivities reached
highest levels during summer, dropped during fall, and remained relatively
low during winter. Vertical differences in conductivity were greatest during
thermal stratification periods (July through September) and minimal during
periods of high vertical mixing conditions (January through May). During
thermal stratification periods, conductivity generally exhibited a negative
heterograde profile in that values in midwater regions (near the metalimnion)
decreased rapidly but recovered to near surface values in deeper water.
For example, in Virgin Canyon this pattern was exhibited best during August,
though it existed during June through October, and somewhat in November
(Appendix Tables D 2 through D 7; Figures 14 and 15). During August, conduc-
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Table 26. Frequency distribution (%) of dissolved oxygen concentrations
measured at Temple Basin, Virgin Canyon and Gregg Basin
in Lake Mead during 1986 and 1987.*
Dissolved
Oxygen
Concentrations
3-3.9
4-4.9
5-5.9
6-6.9
7-7.9
8-8.9
9-9.9
10-10.9
11.0-11.7
Temple
Basin
0.0
0.8
4.4
8.2
18.3
30.6
16.3
15.9
5.9
Virgin
Canyon
0.0
0.0
3.0
3.5
10.4
30.9
27.9
22.1
2.3
Gregg
Basin
0.3
0.8
1.5
2.0
6.8
39.7
26.4
21.9
1.5
Total
0.07
0.5
3.0
4.7
12.1
33.2
23.3
19.8
3.3
1 Measurements taken monthly throughout entire water columns during
17 May, 1986 through 17 April, 1987; N = total of 459 measurements for
Temple Basin, 434 for Virgin Canyon, and 398 for Gregg Basin.
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Table 27. Surface, bottom, maximum, and minimum pH values within the
water column at Birgin Canyon, Lake Mead, during 1986 and
1987.
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
January 14
February 12
March 20
April 17
Surface
7.8
8.1
8.5
8.2
8.5
8.3
8.3
8.2
8.3
8.3
8.3
7.8
Bottom
7.3
7.5
8.0
7.7
7.8
7.7
7.6
8.0
8.3
8.3
8.2
8.2
Maximum
7.9
8.1
8.5
8.2
8.5
8.3
8.3
8.3
8.3
8.3
8.3
8.2
Minimum
7.3
7.4
8.0
7.6
7.8
7.7
7.6
8.0
8.3
8.2
8.1
7.8
Max/Mi n
Difference
0.6
0.7
0.5
0.6
0.7
0.6
0.7
0.3
0.0
0.1
0.1
0.4
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Table 28. Surface, bottom, maximum, and minimum pH values within the
water column at Gregg Basin, Lake Mead, during 1986 and 1987.
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
January 14
February 12
March 20
April 17
Surface
8.2
8.1
8.5
8.1
8.5
8.4
8.3
8.1
8.4
8.2
8.1
8.3
Bottom
7.3
7.5
8.0
7.5
7.8
7.5
7.5
7.9
8.3
8.2
8.2
8.1
Maximum
8.2
8.2
8.5
8.1
8.5
8.5
8.3
8.2
8.4
8.2
8.2
8.4
Minimum
7.3
7.5
8.0
7.5
7.8
7.5
7.5
7.9
8.3
8.1
8.1
8.1
Max/Mi n
Difference
0.8
0.7
0.5
0.6
0.7
1.0
0.8
0.3
0.1
0.1
0.1
0.3
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rTable 29. Surface, bottom,maximum, and minimum pH values within the
water column at TempleBasin, Lake Mead, during 1986 and 1987.
Date
June 16
July 18
August 13
September 12
October 17
November 14
December 12
January 14
February 12
March 20
April 17
Surface
8.1
8.5
8.1
8.4
8.1
8.3
8.4
8.3
8.3
8.3
8.3
Bottom
7.7
8.1
7.7
7.9
7.8
7.7
7.4
8.3
8.3
8.2
8.2
Maximum
8.1
8.5
8.1
8.4
8.3
8.3
8.4
8.3
8.3
8.3
8.4
Minimum
7.7
8.1
7.6
7.9
7.7
7.7
7.4
8.2
8.2
8.2
8.2
Max/Mi n
Difference
0.4
0.4
0.5
0.5
0.6
0.6
1.0
0.1
0.1
0.1
0.2
r
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Figure 14. Conductivity profiles at Virgin Canyon, Lake Mead,
dur ing May to October, 1986.
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Table 30. Range in conductivity (umhos cm~l) within the water column
at three stations in Lake Mead during 1986 and 1987.
Temple Basin
Date
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec
Jan
Feb
Mar
Apr
17
16
18
13
12
17
14
12
14
12
20
17
Max/Mi n
820/790
785/721
856/736
842/731
801/695
775/705
806/740
810/740
778/717
769/717
769/733
750/726
Diff
30
64
120
111
106
70
66
70
61
52
35
24
Virgin Canyon
Max/Min
820/800
781/708
844/739
832/727
774/695
772/703
809/739
780/730
764/712
767/712
760/732
749/731
Diff
20
73
105
105
79
69
50
50
52
55
28
18
Gregg Basin
Max/Min
820/800
776/701
828/727
814/726
771/674
775/700
807/740
770/730
761/710
753/714
767/742
780/734
Diff
20
75
101
88
77
75
67
40
51
39
25
44
Stations
Combined
Max/Min
820/790
776/701
856/727
842/726
801/694
775/700
809/739
810/730
778/710
769/712
769/732
780/726
Diff
30
75
129
116
107
75
70
80
68
57
37
54 '
r
r
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rtivities (umhos cm~l) within the water column were as follows: 0 - 26.2 ft
(08m), 801-831; 0' - 26.6 ft (8 - 20 m), 732-796; 65.6 - 98.4 ft (20 30 )m,
732-736; 98.4 - 196.8 ft (30 - 60 m), 752-803; 196.8 - 328 ft (60 100 m),
803-809. These mid-water decreases in conductivity during summer may be
related to mid-water density currents originating from Colorado River inflows.
The vertical distribution of conductivity exhibited some differences
among the stations. At Gregg Basin, maximum values were found within deep,
bottom water for all months except December, January and February. However,
at Virgin Canyon and Temple Basin, maximum values were generally measured
in near-surface or mid-depth waters (Appendix Tables D 1 through D 12).
Mater Transparency and Light Penetration
Water transparency as determined by secchi disc readings is given for
Virgin Canyon, Gregg Basin and Temple Basin in Table 31. Seasonal patterns
were similar for all three stations. In general, secchi disc depths were
minimal during May through September, ranging from 8.2 - 19.7 ft (2.5 6.0 m)
(Table 31). Readings generally indicated a trend from low values upstream
(Gregg Basin; mean = 11.3 ft, or 3.45 m) to highest values downstream (Temple
Basin; mean = 15.9 ft, or 4.84 m). Water transparency increased dramatically
in October at all sites (Range = 361. - 44.9 ft or 11.0-13.7 m) but subsequen-
tly declined at all sites through January when values ranged from 20.3 ft
(6.2 m) at Temple Basin to 29.5 ft (9.0 m) at Virgin Canyon (Table 31).
A general increase in transparency began in February and by April, highest
annual values were realized (Range = 50.8 - 57.4 ft, or 15.5 17.5 m; Table
31).
Light penetration data for Virgin Canyon, Gregg Basin and Temple Basin
are given in Tables 32 through 34. At a depth of 16.4 ft (5 m), the percent
of surface light energy remaining ranged from 7.7-21.6 percent, and at -32.8
ft (10 m), 0.8-7.0 percent. In general, light penetrated least in May and
greatest in April, which coincided generally with low and high values for
secchi disc readings. The depth where' a minimum of 1 percent of surface
light energy remained varied between 29.5 - 59.0 ft (9-18 m) considering
all months and stations (Table 35 ). Data in Table 35 indicate that Virgin
Canyon and Temple Basin maintained slightly greater water clarity compared
to Gregg Basin.
SALINITY AND TOTAL DISSOLVED SOLIDS
Salinity and total dissolved solids are reported mainly from surface
and 229.6 ft (70 m) depths in Virgin Canyon (Table 36), with occasional
reference to Gregg Basin and Temple Basin (Appendix Tables E 1 and E 2).
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Table 31. Water transparency as determined by Secchi disc (m) at three
stations in Lake Mead during 1986 and 1987.
Date
5/17/86
6/16/86
7/18/86
8/13/86
9/12/86
10/17/86
11/14/86
12/12/86
1/15/87
2/12/87
3/20/87
4/17/87
Temple Basin
5.25
4.75
6.00
3.50
4.70
11.00
11.50
10.50
6.20
14.50
15.60
15.50
Virgin Canyon
3.75
4.00
6.00
2.50
3.30
13.70
11.20
10.00
9.00
10.50
15.90
17.50
Gregg Basin
3.00
3.75
4.00
3.00
3.50
11.50
12.00
9.75
8.80
14.30
13.70
16.20
r
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Table 32. Light energy measured as microeinsteins/cm2 and light extinction (percent transmittance) within the euphotic zone of Virgin Canyon,
Lake Mead, 1986 and 1987.
Dates
Depth
(m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
5/17/86
uE/cm2
1,040
690
340
230
180
80
62
47
24
20
12
9
7
4
3
-
-
-
-
-
_
%
100.0
66.3
32.7
22.1
17.3
7.7
6.0
4.5
2.3
1.9
1.2
0.8
0.7
0.4
0.3
-
-
-
-
-
_
6/16/86
UE/cm2
1,280
790
500
350
240
180
120
80
57
37
26
18
12
8
7
-
-
-
-
-
_
% 7/18/86
uE/cm2
100.0
61.7
39.1
27.3
18.8
14.1
9.4
6.3
4.5
2.9
2.0
1.4
0.9
0.6
0.5
-
-
-
-
-
_
630
360
240
180
150
110
80
58
40
29
21
17
12
9
7
5
-
-
-
-
„
% 10/17/86 % 11/14/86 % 12/12/86 % 2/12/87
UE/cm2 wE/cm2 uE/cm2 uE/cm2
100.0
57.1
38.1
28.6
23.8
17.5
12.7
9.2
6.3
4.6
3.3
2.7
1.9
1.4
1.0
0.7
-
-
-
-
.
560
450
300
230
140
100
95
67
52
39
32
25
20
17
14
10
8
7
5
-
_
100.0
80.4
53.6
41.1
25.0
17.9
17.0
12.0
9.3
7.0
5.7
4.5
3.6
3.0
2.5
1.8
1.5
1.2
0.9
-
_
310
180
120
98
71
46
36
27
21
16
13
10
8
6
5
4
3
-
-
-
_
100.0
58.1
38.7
31.6
22.9
14.8
11.6
8.7
6.8
5.2
4.2
3.2
2.5
1.9
1.5
1.2
1.0
-
-
-
_
340
180
120
98
68
44
35
25
18
15
13
9
7
5
4
3
-
-
-
-
_
100.0
52.9
35.3
28.8
20.0
12.9
10.3
7.4
5.3
4.4
3.8
2.6
2.0
1.5
1.2
1.0
-
-
-
-
_
350
220
140
100
82
60
42
28
24
18
14
11
8
7
5
4
3
-
-
-
_
% 3/20/87
nE/cm2
100.0
62.9
40.0
28.6
23.4
17.1
12.0
8.0
6.9
5.1
4.0
3.1
2.4
2.0
1.6
1.2
1.0
-
-
-
_
510
350
230
180
130
92
65
52
40
31
24
18
14
10
10
8
6
5
4
-
_
% 4/17/87 %
UE/cm2
10C.O
68.6
45.1
35.3
25.5
18.0
12.7
10.2
7.8
6.1
4.7
3.5
2.7
2.0
1.9
1.5
1.3
1.0
0.8
-
_
852
630
480
370
240
180
130
100
89
74
60
47
35
28
22
17
14
11
9
8
.
10C.O
73.9
56.3
43.3
28.2
21.1
15.3
11.7
10.4
8.7
7.0
5.5
4.1
3.3
2.6
2.0
1.6
1.3
1.1
1.0
.
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Table 33- Light energy measured as microeinsteins/cm2 and light extinction (percent transmittance) within the euphotic zone of Gregg Basin,
Lake Mead, 1986 and 1987.
Depth
(m)
0
1
2
3
4
5
co 6
o
7
8
9
10
11
12
13
14
15
• 16
17
18
19
20
5/17/86 % 6/16/86
uE/cm2 uE/cm2
1,030 100.0 1,430
540 52.4 700
370 35.9 510
240 23.3 310
110 10.7 260
95 9.2 170
61 5.9 110
35 3.4 91
23 2.2 62
19 1.8 41
8 0.8 27
7 0.7 18
11
8
.
.
-
-
-
-
-
% 7/18/86
uE/cm2
100.0
49.0
35.7
21.7
18.2
11.9
7.7
6.4
4.3
2.9
1.9
1.3
0.8
0.6
-
-
-
-
-
-
_
830
400
330
220
150
110
84
56
40
31
23
16
11
8
-
-
-
-
-
-
-
Dates
% 10/17/86 % 11/14/86 % 12/12/86 % 2/12/87
uE/cm2 uE/cm2 [lE/cm2 u£/cm2
100.0
48.2
39.8
26.5
18.1
13.3
10.1
6.7
4.8
3.7
2.8
1.9
1.3
0.9
-
-
-
-
-
-
_
230
100
75
52
35
23
18
13
10
8
6
4
3
3
2
2
-
-
-
-
-
100.0
43.5
32.6
22.6
15.2
10.0
7.8
5.7
4.3
3.4
2.6
1.9
1.5
1.2
1.0
0.7
-
-
-
-
_
460
320
200
140
110
77
56
38
29
21
17
13
10
8
6
5
4
3
-
-
_
100.0
69.6
43.5
30.4
23.9
16.7
12.2
8.3
6.3
4.6
3.7
2.8
2.2
1.7
1.4
1.0
0.8
0.6
-
-
_
450
260
170
75
54
39
28
21
17
14
10
8
5
4
-
-
-
-
-
-
_
100.0
57.8
37.8
24.4
16.7
12.0
8.7
6.2
4.7
3.8
3.1
2.2
1.7
1.2
1.0
-
-
-
-
-
-
490
400
250
170
110
95
68
50
36
29
23
18
14
11
9
7
5
4
-
-
_
% 3/20/87
u£/cm2
100.0
81.6
51.0
34.7
22.4
19.4
13.9
10.2
7.3
5.9
4.7
3.7
2.9
2.2
1.8
1.5
1.1
0.9
-
-
-
670
420
290
220
170
112
94
69
55
43
33
27
21
16
13
10
8
6
-
-
_
% 4/17/87 %
uE/cm2
100.0
62.7
43.3
32.8
25.4
16.4
14.0
10.3
8.2
6.4
4.9
4.0
3.1
2.4
1.9
1.5
1.2
0.9
-
-
_
480
360
240
180
140
100
85
65
48
37
29
21
16
14
10
8
6
5
4
3
3
100.0
75.0
50.0
37.5
29.2
20.8
17.7
13.5
10.0
7.7
6.0
4.8
3.3
2.9
2.1
1.7
1.4
1.1
0.8
0.7
0.6
Table 34. Light energy measured as microeinsteins/cm2 and light extinction (percent transmittance) within the euphotic zone of Temple Basin,
Lake Mead, 1986 and 1987.
co
Depth
On)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
5/17/86
uE/cm2
1,020
680
320
220
190
74
52
37
25
18
14
11
8
7
-
-
-
-
-
-
-
%
100.0
66.7
31.4
21.6
18.6
10.8
7.3
5.1
3.6
2.5
1.8
1.4
1.1
0.8
0.7
-
-
-
-
-
-
6/16/86
uE/cm2
1,080
620
370
260
190
130
90
72
49
33
22
15
10
7
5
-
-
-
-
-
.
% 7/18/86
UE/cm2
100.0
57.4
34.3
24.1
17.6
12.0
8.3
6.7
4.5
3.1
2.0
1.4
0.9
0.6
0.5
-
-
-
-
-
.
500
270
200
140
100
79
62
45
34
24
17
12
9
6
4
-
-
-
-
-
-
Dates
% 10/17/86 % 11/14/86 % 12/12/86 % 2/12/87
uE/cm2 uE/cm2 nE/cm2 uE/cm2
100.0
54.0
40.0
28.0
20.0
15.8
12.4
9.0
6.8
4.8
3.4
2.4
1.7
1.2
0.9
-
-
-
-
-
-
220
73
60
48
40
34
26
20
16
13
11
9
7
6
5
4
3
3
2
-
-
100.0
33.2
27.3
21.8
18.2
15.5
11.8
9.1
7.3
5.9
5.0
4.1
3.4
2.6
2.2
1.8
1.5
1.2
1.0
-
-
100
65
43
29
21
17
12
10
7
6
4
4
3
2
2
1
1
1
-
-
_
100.0
65.0
43.0
29.0
21.0
17.0
12.0
10.0
7.2
5.8
4.4
3.6
2.9
2.3
1.8
1.5
1.1
0.9
-
-
-
150
67
43
29
17
13
10
8
5
4
3
3
2
2
1
-
-
-
-
-
-
100.0
44.7
28.7
19.3
11.3
8.7
6.7
5.1
3.7
2.9
2.3
1.9
1.4
1.1
0.9
-
-
-
-
-
-
250
160
100
85
52
35
26
18
15
11
9
7
6
5
4
3
2
-
-
-
-
% 3/20/87
UE/cm2
100.0
64.0
40.0
34.0
20.8
14.0
10.4
7.2
6.0
4.4
3.8
2.9
2.3
1.8
1.4
1.1
0.9
-
-
-
-
350
170
100
85
75
48
35
26
20
16
13
11
9
7
5
4
4
3
-
-
_
% 4/17/87 %
nE/cm2
100.0
48.6
28.6
24.3
21.4
13.7
10.0
7.4
5.7
4.6
3.7
3.1
2.6
1.9
1.6
1.3
1.1
0.9
-
-
-
310
210
160
130
95
67
52
38
30
23
19
14
12
10
8
5
5
4
3
2
2
100.0
67.7
51.6
41.9
30.6
21.6
16.8
12.3
9.7
7.4
6.1
4.5
3.9
3.2
2.5
1.7
1.6
1.3
1.1
0.8
0.7
Table 35. Depth (m) where one percent or greater of surface light
energy remained at three stations in Lake Mead during 1986
and 1987.
Date
May 17
June 16
July 18
October 17
November 14
December 12
February 12
March 20
April 17
Range
Mean
Temple Basin
12
11
13
18
16
13
15
16
18
11-18
14.7
Virgin Canyon
10
11
14
16
16
15
16
17
18
10-18
14.8
Gregg Basin
9
11
12
14
15
14
15
15
16
9-16
13.4
ri
r 82
"1
Table 36. Total dissolved solids and ionic composition (mg/1) from the surface and 70 m depths in
Virgin Canyon, Lake Mead, during May, 1986 through April, 1987.
oo
to
Month
Ion-depth (m)
aTDS - 0
70
Na - 0
70
K - 0
70
Ca - 0
70
Mg - 0
70
C03 - 0
70
HC03 - 0
70
Cl - 0
70
S04 - 0
70
May
513
503
64
61
4
4
70
70
25
24
0
0
168
173
47
54
194
180
Jun
521
501
63
61
4
4
67
70
24
23
12
0
124
166
51
51
216
192
Jul
510
509
67
64
4
8
68
63
24
23
22
0
115
181
45
51
233
199
Aug
526
461
67
56
4
3
67
70
24
20
7
0
134
176
49
37
218
170
Sep
540
538
66
63
4
4
63
64
23
23
0
0
139
171
52
50
209
192
Oct
513
478
58
58
3
3
65
68
24
24
0
0
144
171
51
51
190
194
Nov
504
519
60
60
4
4
65
68
23
24
0
0
151
173
51
53
206
197
Dec
500
467
60
56
4
3
65
67
23
22
0
0
154
144
50
37
180
170
Jan
478
449
61
58
4
4
63
60
22
21
0
0
151
154
48
39
190
170
Feb
484
465
55
54
4
3
69
61
23
24
0
0
163
166
43
48
187
175
Mar
480
496
58
59
3
3
64
68
23
23
0
0
163
159
44
43
185
178
Apr
519
512
60
59
3
3
65
64
24
23
0
0
166
173
51
44
178
168
Range
479-540
449-538
55-67
54-64
3-4
3-8
63-70
60-7-
23-25
2-24
0-22
0-0
115-168
144-181
43-52
37-54
178-233
168-199
a Total dissolved solids, mg/1.
rTotal dissolved solids (IDS) ranged from 449-540 mg/1 considering both
0 - 229.6 ft (0 and 70 m) depths, and all months (Table 36). Differences
between the surface and 229.6 ft (70 m) were relatively small, though TDS
levels were higher in surface waters for all months except November and
March. Seasonally, TDS levels were slightly higher during summer and fall
compared to winter. Sodium (Na) concentrations ranged between 54-67 mg/1
and levels were generally higher in surface waters (Table 36). Highest
seasonal values occurred during summer. Sodium concentrations were very
similar among Virgin Canyon, Gregg Basin and Temple Basin, however levels
upstream near the Colorado River inflows (Columbine Falls; Figure 5) ranged
higher (up to 78 mg/1), especially during March and April. Potassium (K)
levels remained low, between 3-8 mg/1 throughout the study. Calcium (Ca)
and Magnesium (Mg) concentrations were quite stable, ranging between 60-70
mg/1 and 20-25 mg/1 respectively (Table 36). Carbonate ions (C03) were
rarely present (0-12 mg/1) and most of the dissolved inorganic carbon was
in the form of bicarbonate ion (HCOj) which ranged in concentrations from
115-181 mg/1. Bicarbonate ions in surface waters increased in concentration
from July, 1986 through April, 1987. Highest levels were recorded during'
July and August at 229.6 ft (70 m), and concentrations were greater at
229.6 ft (70 m) compared to surface water on 10 of 12 dates. Chloride (Cl)
levels ranged from 37 mg/1 at 229.6 ft (70 m) on two occasions (August and
December) to 54 mg/1 at 229.6 ft (70 m) in May. However, no apparent shal-
low/deep trends could be discerned for the 12 month period (Table 36).
Chloride concentrations were similar among Virgin Canyon, Gregg Basin and
Temple Basin, however levels upstream near the Colorado River inflows ranged
up to 71 mg/1, during spring. Sulfate (SO.) concentrations were higher
in surface waters on 11 of 12 sampling occasions, and ranged from 178-233
mg/1 at 0 m compared to 168-199 mg/lat 22U.6 ft (70 m; Table 36).
Seasonally, sulfate levels tended to be higher during May through November
(R = 170-233 mg/1) and lower during December through April (R = 168 -
190 mg/1). Sulfate did not differ substantially among Virgin Canyon, Gregg
Basin and Temple Basin. Upstream near the Colorado River inflow, sulfate
levels were considerally less, ranging from 151-187 mg/1.
NUTRIENTS AND CHLOROPHYLL
Phosphorus
Total phosphorus at Virgin Canyon ranged between 4-17 ug/1 during the
study period (Table 37). Levels at 229.6 ft (70 m) depth exhibited a slight
increase compared to concentrations at 32.8 - 131.2 ft (10-40 m), though
84
Table 37. Total phosphorus concentration (ug/1) in water samples from
Virgin Canyon, Lake Mead, during 1986 and 1987.
Depth
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
February 12
March 19
April 17
(integrated)
0-5 m
14
9
17
8
7
9
4
4
5
7
14
10 m
12
9
5
7
6
5
4.
4
7
6
5
20 m
8
7
6
5
6
8
5
5
6
7
9
40 m
10
7
4
5
5
7
7
5
9
8
10
70 m
11
7
12
11
8
9
9
11
7
9
9
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near- surface values (0 - 16.4 ft , or 0 - 5 m) were comparable to those
at 229.6 ft (70 m); Seasonally, highest values within the upper 131.2 ft
_,^  (40 m) generally occurred during spring and early summer but temporal pat-
terns were not apparent at 229.6 ft (70 m; Table 37). Dissolved phosphorus
comprised a high proportion of total phosphorus (65-70 percent) and seasonal
and depth patterns generally followed those for total phosphorus (Table
~ 38). Dissolved ortho-phosphate concentrations (PO.—) were low throughout
0 131.2 ft (0 - 40 m) depths during all months (R = 1-5 ug/1) but levels
tended to increase at 229.6 ft, or 70 m (R = 2-10 ug/1; Table 39).
General comparisons of various phosphorus categories at 0 - 16.4 ft
(0 - 5 m) and 229.6 ft (70 m) among the three sampling stations, Virgin
__ Canyon, Gregg Basin and Temple Basin, are given in Table 40. Total phosphor-
us concentrations were low at all sites and depths (R - 4-17 ug/1). In
general, small increases in average phosphorus concentrations occurred at
229.6 ft (70 m) compared to 16.4 ft (0 - 5 m) depths. Also, going from
upstream to downstream (Gregg Basin to Temple Basin), concentrations of
phosphorus tended to decrease at the 229.6 ft (70 m) depth, but this trend
was not consistent for the near - surface waters (Table 40 ).
i
Nitrogen
Total nitrogen concentrations at Virgin Canyon ranged from 212-780 ug/1
(Table 41). In general, nitrogen values increased with depth, with average
concentrations ranging from 404 ug/1 in near - surface water to 628 ug/1
at 229.6 ft (70 m). Differences in nitrogen content between near - surface
and 229.6 ft (70 m) depths were greatest during thermal stratification
,_ periods (July and August) and least in spring when waters remained well
mixed vertically.
Total kjeldahl nitrogen, which includes all organic forms plus ammonia,
~" ranged from 204-452 ug/1 (Table 42). Seasonal patterns of kjeldahl nitro-
gen differed among depth zones. Minimum monthly values at 232/8 ft (<10 m)
depths occurred in February, while minimum values at 65.6 ft (^ _20 m) depths
occurred in May. Maximum values at £32.8 ft (_<10 m) tended to occur in
June, September and April, while highest values at £65.6 ft (>20 m) were
from August, September and November (Table 42). Kjeldahl nitrogen made
up a significant fraction of the total nitrogen at Virgin Canyon, though
this decreased with depth. The percent composition ranged from 66.4 percent
within 0 - 16.4 ft (0 - 5 m) to 43.8 percent at 131.2 ft (40 m).
"~ Nitrate nitrogen generally increased with depth at Virgin Canyon with
average values of 142 ug/1 at 0 - 16.4 ft (0-5 m) and 334 ug/1 at 229.6 ft
(70 m; Table 43). Seasonally, the upper waters of Virgin Canyon contained
_ maximum levels of nitrate in March, while low concentrations occurred during
June through September. In deeper waters (65.6 - 229.6 ft, or 20 - 70 m)
1 this pattern was reversed in that maximum values tended to occur during
summer while low levels occurred in October and December (Table 43). Nitrate
f" nitrogen made up a significant fraction of the total nitrogen in Virgin
Canyon, accounting for 35.1 percent in near - surface waters and 53.2 percent
at 229.6 ft (70 m) depth.
I*K
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Table 38. Dissolved phosphorus concentration (ug/1) in water samples
from Virgin Canyon, Lake Mead, during 1986 and 1987.
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
February 12
March 19
April 17
0-5 m
(integrated)
6
6
16
9
4
4
3
3
4
6
2
10 m
8
5
4
5
3
3
3
3
3
4
4
Depth
20 m
4
7
7
2
3
4
5
4
6
5
5
40 m
6
6
3
3
2
5
6
4
4
8
5
70 m
9
7
10
4
5
5
7
5
4
8
6
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Table 39. Dissolved ortho-phosphorus concentration (ug/1) in water
samples from Virgin Canyon, Lake Mead, during 1986 and 1987.
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
February 2
March 19
April 17
0-5 m
(integrated)
2
4
4
2
3
2
2
2
2
3
2
10 m
1
4
2
1
2
1
1
1
2
3
4
Depth
20 m
2
5
3
2
2
2
2
2
3
3
4
40 m
2
5
3
1
2
3
5
2
3
4
5
70 m
6
6
10
2
4
3
5
2
3
5
6
r 88
Table 40. Comparisons of annual ranges and means of nutrient concentrations
(ug/1) from 0-5 m and 70 m depths among three stations in
Lake Mead during May, 1986 through April, 1987.
Depths
0-5 m 70 m
Nutrients
Total Phosphorus
Range
Mean
Dissolved Phosphorus
Range
Mean
Orthophosphorus
Range
Mean
TBl
5-14
8.5
2-11
4.7
1-5
2.8
VC
4-17
8.9
2-16
5.8
2-4
2.6
GB
4-13
8.8
3-11
4.9
1-4
2.5
TB
4-11
7.4
3-8
5.3
1-7
3.4
VC
7-12
9.4
4-10
6.4
2-10
4.7
GB
7-17
11.2
5-9
7.0
2-8
4.6
Total Nitrogen
Range 185-524 212-655 287-543 411-682 475-780 524-878
Mean 386 405 419 558 628 608
Total Kjeldahl N
Range 155-412 204-428 224-383 142-338 139-452 130-471
Mean 249 269 288 235 294 272
Nitrate - N
Range
Mean
Total Ammonia - N
Range
Mean
1-242
136
10-13
10.5
2-256
142
10-14
10.6
1-249
134
10-13
10.5
281-389
324
10-13
10.4
240-458
334
10-15
11.4
261-434
341
10-15
11.0
Stations: TB = Temple Basin; VC = Virgin Canyon; GB = Gregg Basin
r
r
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Table 41. Total nitrogen concentration (ug/1) in water samples from
Spring Canyon, Lake Mead, during 1986 and 1987.
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
February 12
March 19
April 17
0-5 m
(integrated)
460
408
256
212
341
396
393
410
452
466
655
10 m
506
439
308
339
401
413
420
449
422
532
568
Depth
20 m
475
660
552
584
656
494
472
504
439
516
570
40 m
487
654
620
554
662
588
596
448
488
471
581
70 m
521
676
720
780
610
742
690
666
491
531
475
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Table 42. Total Kjeldahl nitrogen concentration (ug/1) in water samples
from Virgin Canyon, Lake Mead, during 1986 and 1987.
r
r
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
February 12
March 19
April 17
0-5 m
(integrated)
274
340
226
211
330
256
247
204
222
215
428
10 m
296
317
228
273
365
269
245
227
196
265
336
Depth
20 m
221
368
271
274
384
288
287
258
190
239
301
40 m
129
336
185
160
321
279
338
220
237
215
278
70 m
139
372
276
452
252
382
293
391
257
236
179
r
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Table 43. Total nitrate nitrogen concentration (ug/1) in water samples
from Virgin Canyon, Lake Mead, during 1986 and 1987.
r
r-
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
February 12
March 19
April 17
0-5 m
(integrated)
193
68
29
2
14
137
172
226
227
256
234
10 m
210
154
81
55
35
137
176
219
231
274
238
Depth
20 m
260
299
309
312
287
166
195
248
257
283
276
40 m
329
328
412
369
343
274
295
234
250
262
310
70 m
383
338
458
299
296
392
387
279
255
299
302
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Total nitrite levels were very small at all sampled depths (1-4 ug/1)
and concentrations tended to decrease with depths (Table 44).
Total ammonia levels were small and quite stable, with a range of 10 -
19 Mg/1 at all sampled depths and locations (Tables 45). Total ammonia
comprised a small amount of the total nitrogen with values of 2.6 percent
at 0 16.4 ft (0-5 m) and 1.8 percent at 229.6 ft (70 m) in Virgin Canyon.
This trend of decreasing percentage composition was consistent with depth.
Chlorophyll a
Chlorophyll a^  ranged from undetectable levels on 14 November in Virgin
Canyon to 4.27 ug/1 on 17 May at Gregg Basin (Tables 48 through 48). Highest
values were generally observed in May, and a trend of decreasing chlorophyll
levels, though not always consistent, was apparent through summer, fall
and winter. Lowest values occurred during November, 1986 through April,
1987 (0.0-1.34 ug/1; Tables 46 through 48). Annual average and range of
chlorophyll levels were similar between Gregg Basin and Virgin Canyon, but
Temple Basin exhibited generally lower levels indicating a slight drop in
algal productivity downstream.
ZOOPLANKTON
Zooplankton collections taken monthly during May, 1986 through April,
1987 at Virgin Canyon demonstrated that highest densities of total zooplank-
ton were attained in June with lowest numbers present in November and December
(Table 49; Appendix Table F 1). Most of the zooplankton were concentrated
within the first 32.8 ft pr 10 m (63 percent) and numbers diminished rapidly
with increasing depth (Table 50). Only 2-3 percent of all zooplankton were
within the 131.2 - 164 ft (40-50 m) depth zone. Three major groups comprised
the zooplankton: Order Copepoda (Phylum Arthropoda, Class Crustacea),
including mature and immature forms (Nauplii and copepodites); Order Cladocera
(Phylum Arthropoda, Class Crustacea"); and, Phylum Rotifera.
Order Copepoda
The Copepoda were dominant, comprising some 65 percent of all numbers
for the collection period (Tables 51 and 52). Copepod numbers peaked in
April at about 13,000 per cubic meter. Approximately 80 percent of all
copepods were recorded from the upper 65/6 ft (20 m) indicating a strong
preference for
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Table 44. Total nitrite nitrogen concentration (ug/1) in water samples
from Virgin Canyon, Lake Mead, during 1986 and 1987.
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
February 12
March 19
April 17
0-5 m
(integrated)
3
4
4
1
4
3
2
1
2
2
2
10 m
4
3
3
2
1
2
2
1
1
1
2
Depth
20 m
3
3
3
2
2
2
2
1
1
1
1
40 m
2
4
1
1
1
2
1
1
1
1
1
70 m
1
2
1
2
1
1
1
3
2
3
1
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Table 45. Total ammonia nitrogen concentration (ug/1) in water samples
from Virgin Canyon, Lake Mead, during 1986 and 1987.
Date
May 17
June 16
July 18
August 13
September 12
October 17
November 14
December 12
February 12
March 19
April 17
0-5 m
(integrated)
10
14
10
10
10
12
10
10
11
10
10
10 m
10
15
10
10
10
10
10
10
10
10
10
Depth
20 m
14
18
10
13
10
10
10
10
10
10
10
40 m
19
12
10
10
10
10
14
10
10
10
10
70 m
10
13
10
10
10
15
10
13
14
10
10
fft.
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Table 46. Chlorophyll devalues (ng/1) at Virgin Canyon, Lake Mead,
during 1986 and 1987.
Date
5/17/86
6/16/86
7/18/86
8/13/86
9/12/86
9/12/86
10/17/86
11/14/86
12/12/86
2/12/87
3/20/87
4/17/87
Mean
Range
Chlorophyll j^
4.01
2.70
2.35
1.92
1.68
4.03
1.12
0.44
0.65
1.00
0.55
0.55
1.75
0.44-4.03
Phaeophytin
0.08
0.51
0.29
0.45
0.83
0.37
0.40
0.75
0.24
0.13
0.03
0.88
0.41
0403-0.83
Chlorophyll a_
Corrected Value
4.01
2.94
2.14
2.14
2.14
3.74
1.34
0.00
0.80
1.07
0.53
1.07
1.82
0.00-4.01
r
r
r 96
Table 47. Chlorophyll £ values (ug/1) at Gregg Basin, Lake Mead, during
1986 and 1987.
Date
5/17/86
6/16/86
7/18/86
8/13/86
9/12/86
10/17/86
11/14/86
12/12/86
2/12/87
3/20/87
4/17/87
Mean
Range
Chlorophyll £
4.34
2.81
3.27
1.45
2.58
1.35
1.12
0.77
1.01
0.77
0.65
1.83
0,65-4.34
Phaeophytin
0.04
0.32
0.43
0.29
0.69
0.48
0.51
0.51
0.32
0.85
0.30
0.04-0.85
Chlorophyll a_
Corrected Value
4.27
2.94
2.94
1.60
2.94
1.60
0.80
1.07
0.80
0.27
1.34
1.87
0.80-4.27
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Table 48. Chlorophyll a_ values (ug/1) at Temple Basin, Lake Mead,
during 1986 and 1987.
Date
5/17/86
6/16/86
7/18/86
8/13/86
9/12/86
9/12/86
10/17/86
11/14/86
12/12/86
2/12/87
3/20/87
4/17/87
Mean
Range
Chlorophyll a^
2.11
2.48
2.25
0.99
1.65
2.24
1.12
0.44
0.65
0.67
0.33
0.55
1.29
0.44-2.48
Phaeophytin
0.08
0.43
0.56
0.59
0.02
0.20
0.85
0.16
0.24
0.24
0.11
0.88
0.36
0.02-0.88
Chlorophyll a
Corrected Value
2.14
2.67
1.87
1.34
1.60
2.31
1.60
0.53
0.80
0.80
0.27
1.07
1.42
0.27-2.67
r
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Table 49. Average monthly densities (No/m3) of total and major groups of zooplankton from all depth
zones (0-50 m) in Virgin Canyon, Lake Mead, during May, 1986 through April, 1987.
Zooplankton
group
Copepoda
Cladocera
Rotifera
Total
Percent
May
3,821
2,205
3,137
9,163
9.7
June
8,706
7,994
3,453
20,153
21.2
Jul
11,671
1,192
1,936
14,299
15.1
Aug
4,165
533
792
5,490
5.8
Sept
2,905
1,318
2,859
7,082
7.5
Month
Oct
5,450
729
496
6,675
7.0
Nov
2,204
250
127
2,581
2.7
Dec
2,309
164
382
2,855
3.0
Feb
3,092
953
114
4,159
4.4
Mar
4,155
1,326
294
5,775
6.1
Apr
13,033
2,487
1,127
16,647
17.6
—I
o
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Table 50. Average densities (No/m3) and percent composition of total and major groups of zooplankton
in Virgin Canyon, Lake Mead, during May, 1986 through April, 1987.
Depth zone (m)
Taxa
Copepoda
Cladocera
Rot if era
Total zooplankton
Percent
0-10
15,378
6,810
4,456
26,644
61.8
10-20
7,051
1,126
1,193
9,370
21.7
20-30
3,050
499
453
4,002
9.3
30-40
1,540
127
207
1,874
4.3
40-50
949
144
159
1,252
2.9
Grand
average
5,594
1,741
1,294
8,628
Percent
64.8
20.2
15.0
100
Table 51. Average monthly densities (No/m3) and percent composition of Copepoda zooplankton taxa
from all depth zones (0-50 m) in Virgin Canyon, Lake Mead, during 1986.
Taxa
Copepod Nauplii
aDiaptomus spp.
Mescocyclops edax
aCyc1ops spp.
Cyclops bicuspidatus
aMesocyc1ops spp.
Diaptomus silicoides
Diaptomus ashlandi
Diaptomus reighardi
Diaptomus clavipes
Miscellaneous Copepoda
Total Copepoda
Percent
May
2,275
879
158
97
70
44
105
105
70
18
0
3,821
6.2
Jun
5,666
228
1,599
316
220
369
t
35
141
79
53
0
8,706
14.4
Jul
7,039
502
1,311
573
580
650
439
429
89
29
30
11,671
19.0
Aug
2,008
582
402
120
160
412
311
160
10
0
0
4,165
6.8
Sep
1,910
138
404
72
53
171
69
62
26
0
0
2,905
4.7
Month
Oct
2,191
857
847
328
18
650
469
11
68
11
0
5,450
8.9
Nov
1,331
309
68
175
180
8
104
6
8
15
0
2,204
3.6
Dec
1,508
348
6
182
146
0
74
21
4
10
0
2,309
3.8
Feb
1,779
687
0
285
126
23
23
169
0
0
0
3,092
5.0
Mar
2,285
802
34
370
438
11
34
181
0
0
0
4,155
6.8
Apr
9,519
1,435
169
752
646
136
83
293
0
0
0
13,033
21.2
a Immature, copepodite forms of the genera indicated
~1
Table 52. Average densities (No/m3) and percent composition of Copepoda zooplankton taxa in
Virgin Canyon, Lake Mead, during May, 1986 through April, 1987.
Depth zone (m)
Taxa
Copepod Nauplii
aDiaptomus spp.
Mesocyclops edax
aCyc1ops spp.
Cyclops bicuspidatus
aMesocyc1ops spp.
Diaptomus siciloides
Diaptomus ashlandi
Diaptomus reighardi
Diaptomus clavipes
Miscellaneous Copepoda
Total Copepoda
Percent
0-10
9,487
1,799
1,280
692
398
802
462
303
112
43
0
15,378
55.0
10-20
4,174
800
628
430
291
235
210
251
23
9
0
7,051
25.2
20-30
1,821
333
261
174
211
68
71
90
21
0
0
3,050
10.9
30-40
904
121
69
144
227
5
33
49
4
5
9
1,540
5.5
40-50
667
27
34
77
72
15
19
25
3
5
5
949
3.4
Grand average
3,410
616
454
297
240
225
159
144
33
12
3
5,594
Percent
61.0
11.0
8.1
5.3
4.3
4.0
2.8
2.6
0.6
0.2
0.1
100
a Immature, copepodite forms of the genera indicated.
shallow water. A total of eleven taxa of copepods were evaluated for seasonal
and depth distributional patterns (Tables 51 and 52; Appendix Tables F 2
>""' through F 12). All taxa with the possible exception of the rare group
"Miscellaneous Copepoda" were concentrated within the top 65.6 ft (20 m).
The immature nauplii forms of the Copepoda clearly dominated during all
_ months of the study, and comprised some 61 percent of all zooplankton counts
for the sampling period. Nauplii were most abundant during April and again
in July. Immature copepodite stages of Diaptomus spp. ranked second in
__ abundance (11 percent) and generally were most common during spring (April
and May), though numbers briefly increased in October. Mesocyclops edax
was third in abundance (8.1 percent) and exhibited two general periods of
high density: June/July and October (Table 51). Immature copepodite stages
of Mesocyclops spp. and Cyclops spp. collectively comprised 9.3 percent
of all the Copepoda. Mesocyclops spp. demonstrated peak densities in both
July and October, while Cyclops spp. attained highest densities in April,
__ though a secondary peak occurred in July (Table 51). Cyclops bicuspidatus
(4.3 percent of all the Copepoda) reached highest densities in April (646/m3)
though a secondary peak occurred in July. This species was generally less
restricted to shallow depth compared to other copepods, and relatively high
numbers were abundant down to 98.4 131.2 ft (30 - 40 m). Diaptomus silicoides
comprised some 2.8 percent of all the Copepoda and achieved greatest average
densities in October, although July densities nearly equalled the annual
peak (Table 51). Diaptomus ashlandi (2.6 percent of all the Copepoda)
peaked during summer, though populations were also abundant in early spring.
Diaptomus reighardi and D. clavipes were uncommon species together comprising
only some 0.8 percent of the total Copepoda. Both species were
concentrated in the upper 32.8 ft (10 m), and both preferred early summer
-— conditions. Other Copepoda ("Miscellaneous Copepoda"; Table 51) were rare
and found only in July, and only at depths below 98.4 ft (30 m). Presumably,
this category also contained several of the species previously recorded
from Lake Mead (Table 12 ).
Order Cladocera
The Cladocera comprised 20.2 percent of the total zooplankton in Virgin
Canyon and peak abundance occurred in June. Fewest numbers were recorded
from December (Tables 53 and 54). This group clearly favored shallow v»ater,
as approximately 78 percent of all numbers came from the upper 32.8 ft (10 m).
Only about 3 percent of all Cladocera were found below 98.4 ft, or 30 m
(Table 54 Appendix Tables F 13 through F 16). Bosmina longirostris was
_ overwhelmingly the dominant cladoceran species (51.1 p e r c e n t ) . A m a j o r
peak in abundance occurred in June (7,309 per cubic meter) and a minor,
secondary peak occurred in September (1,150 per cubic meter). Daphnia pulex
comprised 32.1 percent of the total Cladocera, and unlike Bosmina, peak
"~ abundance occurred earlier in April and May (Table 53 ). Daphnia galeata,
comprising about 10.6 percent of the total Cladocera, was the only remaining
species of consequence. Daphnia galeata reached highest abundance in April
i- and exhibited a second peak in October. Miscellaneous species collectively
j comprised about 6.2 percent of the Cladocera, and this group was
most prevalent during early spring and again in late summer (Table 53).
r
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Table 53. Average monthly densities (No/m3) of Cladocera zooplankton taxa from all depth zones
(0-50 m) in Virgin Canyon, Lake Mead, during May, 1986 through April, 1987.
Month
Taxa
Bosmina longirostris
Daphm'a pulex
Daphnia galeata
Miscellaneous taxa
Total Cladocera
Percent
May
18
2,091
61
35
2,205
11.5
Jun
7,309
527
149
9
7,994
41.7
Jul
949
73
28
142
1,192
6.2
Aug
191
30
161
151
533
2.8
Sep
1,150
0
88
80
1,318
6.9
Oct
114
113
463
39
729
3.8
Nov
8
186
41
15
250
1.3
Dec
0
164
0
0
164
0.9
Feb
18
816
0
119
953
5.0
Mar
18
687
362
266
1,326
6.9
Apr
23
1,460
688
316
2,487.
13.0
Table 54. Average densities (No/m3) and percent composition of Cladocera zooplankton taxa in Virgin
Canyon, Lake Mead, during May, 1986 through April, 1987.
o
en
Depth zone (m)
Taxa
Bosmina longirostris
Daphnia pulex
Daphnia galeata
Miscellaneous taxa
Total Cladocera
Percent
0-10
3,919
1,990
573
328
6,810
78.2
10-20
269
508
212
137
1,126
12.9
20-30
150
220
88
41
499
5.7
30-40
47
42
30
8
127
1.5
40-50
66
35
24
19
144
1.7
Grand
average
890
559
185
107
1,741
Percent
51.1
32.1
10.6
6.2
100
Phylum Rotifera
The phylum Rotifera comprised 15.0 percent of the total zooplankton
and was most abundant during summer (May/June) with a second peak of high
density in September (Table 55). Rotifers also were distributed mainly
in the upper 65.6 ft, or 20 m (87 percent; Table 56). Six comiron rotifer
taxa were analyzed for seasonal and depth distribution, in addition to a
collective "Miscellaneous Taxa" group (Tables 55 and 56; Appendix Tables
F 17 through F 23). The genus Polyarthra was the most abundant taxa,
comprising nearly half of all individual rotifers counted. Polyarthra spp.
exhibited a major pulse in abundance in June, and secondary pulses in
September and April. Numbers in the 0 - 32.8 ft (0 - 10 m) depth zone were
3.7 times greater than in all other depth zones combined (Table 56). Lecane
spp. made up 16 percent of all rotifers and was in greatest abundance during
May. Secondary density peaks in July and September indicated a potential
by-monthly periodicity for this group. Ascomorpna spp. was third in
abundance though this genus was absent in all collections during October
through March. Following a peak abundance of 1,213 per cubic meter in May,
numbers decreased consistently with each month until Ascomorpha disappeared
in October. Synchaeta spp. comprised about 4.5 percent of all rotifers
but was either uncomrron or absent in all months except May. Unlike other
rotifer taxa, Synchaeta spp. preferred lower depths, and densities
were greatest at 65.6 - 98.4 ft, or 20 - 30 m (Table 65). Asplanchna
priodonta comprised about 0.7 percent of all rotifers and appeared only
in May and September, and only in the 0 32.8 ft (0 10 m depth zone (Tables
55 and 56). Trichocera cylindrica was rare (0.1 percent of all rotifers)
and occurred only in May and August within 32.8 - 98.4 ft (10 - 30 m) depths.
The rotifer group categorized as "Miscellaneous Taxa" comprised a significant
number of all rotifers (19.5 percent), and reached highest densities in
September (Tables 55 and 56). Following September, populations in this
group abruptly declined and disappeared by December. Presumably, rotifers
within the grouping "Miscellaneous Taxa" were represented by various taxa
of the remaining 22 rotifer types previously reported from Lake Mead (Table
12).
FISH
Hydroacoustic Surveys, Dual-Beam
Results of the four quarterly dual-beam hydroacoustic surveys in Virgin
Canyon and adjacent areas of Gregg Basin and Temple Basin conducted from
April 1986 to January 1987, revealed both temporal and spatial changes in
fish horizontal and vertical distributions. The seasonal horizontal distribu-
tion of fish densities from Gregg Basin to Temple Basin are shown in Fi-
gure 16. Very low numbers of fish were observed in April 1986, and fish
106
r
Table 55. Average monthly densities (No/m3) of Rotifera zooplankton taxa from all depth zones (0-50 m)
in Virgin Canyon, Lake Mead, during May, 1986 through April, 1987.
Taxa
Polyarthra spp.
Lecane spp.
Ascomorpha spp.
Synchaeta spp.
Asplanchna priodonta
Trichocera cylindrica
Miscellaneous taxa
Total Rotifera
Percent
May
237
958
1,213
474
26
9
220
3,137
22.1
June
2,662
220
202
18
0
0
351
3,453
24.3
Jul
532
445
125
10
0
0
324
1,436
10.1
Aug
40
90
40
0
0
10
612
792
5.6
Sept
1,307
462
20
0
70
0
970
2,859
20.1
Month
Oct
276
0
0
22
0
0
198
496
3.5
Nov
60
53
0
0
0
0
14
127
0.9
Dec
363
9
0
10
0
0
0
382
2.7
Feb
29
0
0
43
0
0
42
114
0.8
Mar
249
11
0
0
0
0
34
294
2.1
Apr
1,047
0
11
54
0
0
15
1,127
7.9
1Table 56. Average densities (No/m3) and percent composition of Rotifera zooplankton taxa in Virgin
Canyon, Lake Mead, during May, 1986 through April, 1987.
o
oo
Depth zone (m)
Taxa
Polyarthra spp.
Lecane spp.
Ascomorpha spp.
Synchaeta spp.
Asplanchna priodonta
Trichocera cylindrica
Miscellaneous taxa
Total Rotifera
Percent
0-10
2,429
698
535
32
44
0
718
4,456
68.9
10-20
457
204
148
66
0
5
313
1,193
18.4
20-30
94
56
25
181
'o
4
93
453
7.0
30-40
65
31
13
4
0
0
94
207
3.2
40-50
48
47
12
5
0
0
47
159
2.5
Grand average
619
207
147
58
9
2
253
1,295
Percent
47.8
16.0
11.4
4.5
0.7
0.1
19.5
100
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density (number of fish per 10^  m3) was relatively uniform at all sites
^^  (Gregg Basin, Virgin Canyon and Temple Basin). In July 1986, fish density
was still low, but density had increased in Gregg Basin compared to April,
decreased in Temple Basin, and was similar at the several Virgin Canyon
sites. In July, there was a decrease in fish density downstream from a
— high in Gregg Basin to a low in Temple Basin. In October 1986, fish density
increased significantly at sites due to an influx of small fish, probably
threadfin shad, although the horizontal distribution differed from July.
__ In October, the greatest fish density was found in Temple Basin, with
relatively low fish density in Gregg Basin. Fish density was higher in
Virgin Canyon than previously. By January 1987, fish density decreased
at most sites, and became more uniform across all sites. Of particular
concern are the two proposed locations of the inlet-outlet works, site V2
canyon site and V4 (the preferred site) in Virgin Canyon. A comparison
of these sites with each other and with all transects run shows that in
— April 1986 fish densities at these two sites were similar, but low compared
to other sites. In July, fish density was greater at V2 than V4. In October,
fish densities were higher throughout the study area, and almost twice as
high at V2 as at V4. By January 1987, when fish densities decreased a,t
most sites, fish density at V2 was still greater than fish density at V4.
Overall, then, fish density was lower at the preferred site than at the
canyon site.
Seasonal horizontal distribution of fish population estimates for all
sites from Gregg Basin to Temple Basin were calculated from fish densities
per 10& m3 and sample volume, and are shown on Figure 17. Low numbers of
fish were encountered in the April and July. Relatively uniform population
estimates were observed at most sites in April, but in July, the highest
portion of the population was found upstream in Gregg Basin, with a decrease
~~ downstream to Temple Basin. By October 1986, the fish populations had changed
considerably. Before the October survey there was an apparent influx of
small fish into the Temple Basin area, contributing to very high population
•— estimates for the Temple Basin transects. Numbers also increased in Virgin
Canyon in October, with the highest fish population estimate at V2. The
upstream transect in Gregg Basin had higher fish populations than the
__ three downstream transects in Gregg Basin. By January 1987, the fish popu-
lations in Temple Basin had decreased significantly, while that at the
upstream transect in Gregg Basin numbers about doubled. Fish populations
at the Virgin Canyon sites also decreased and were relatively uniform
~~ throughout the canyon. Even considering the change in scale in Figure 17,
it can be seen that the upstream-most transect in Gregg Basin had relatively
high fish populations throughout most of the study, although it was
— overshadowed in October 1986 by very high fish populations in Temple Basin.
In Virgin Canyon, fish populations at V2 were either greater than or about
the same as at V4. Figures 18 to 25 show the extrapolated fish densities
and population estimates for each of the two surveys run during each quarterly
["" sampling period, April 1986 to January 1987. A high or low fish density
1 does not necessarily reflect a high or low fish population estimate, because
of differences in volume sampled among sites. Vertical distribution and
r~ abundance of fish in the study area were determined from the dual-beam hydro-
j acoustic survey data and are shown in Figure 26.
A seasonal increase in depth of fish during daylight hours was observed
( from April 1986 to January 1987. Realizing that fish densities were low
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Figure 18. Extrapolated fish population density and size for all Lake Mead
transects and subareas sampled with dual-beam hydroacoustics on
29 April, 1986.
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Figure 19. Extrapolated fish population density and size for all Lake Mead
transects and subareas sampled with dual-beam hydroacoustics on
30 April, 1986.
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Figure 20. Extrapolated fish population density and size for all Lake Mead transects and
subareas sampled with dual-beam hydroacoustics on 31 July, 1986.
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Figure 21, Extrapolated fish population density and size for all Lake Mead
transects and subareas sampled with dual-beam hydroacoustics on
31 July, 1986 (Survey 2).
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Figure 22. Extrapolated fish population density and size for all
Lake Mead transects and subareas sampled with dual-beam
hydroacoustics on 29-31 October, 1986.
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Figure 23. Extrapolated fish population density and size for all
Lake Mead transects and subareas sampled with dual-beam
hydroacoustics on 31 October, 1986 (Survey 2).
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Figure 24. Extrapolated fish population density and size for all
Lake Head transects and subareas sampled with dual-
beam hydroacoustics on 21 January, 1987.
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Virgin Canyon, Lake Mead, determined-from dual-beam
hydroacoustic studies.
in April and July 1986, and with much higher densities in October 1986 and
January 1987, daytime densities of fish appear to be seasonal and depth
specific, with over 50 percent of observed fish being found in a specific
depth stratum. Both the seasonal abundance of fish in Virgin Canyon and
seasonal depth or vertical distribution will be factors in determining effects
of the operation for the powerplant on the fishery resource. There was
a seasonal movement of fish to greater depths from April to January. Since
sampling ended in January 1987, and was not conducted in April 1987, it
is not known if fish abundance and horizontal and vertical distributional
patterns observed in April 1986 prevailed in April 1987.
Nighttime sampling during this study was much more limited than daytime
sampling, because of navigational considerations and adverse meteorological
conditions. Nighttime sampling did not consist of repeating daytime
transects, except in one case in April 1986. Nighttime transects were
typically run parallel to the axis of the canyon from V2 to V4. During
the October 1986 nighttime survey, about 80 percent of the fish were in
the 32.8 - 82 ft (10 - 25 m) depth stratum. In the January 1987 nighttime
survey, fish were more broadly distributed but again with a greater percentage
of fish in the 32.8 - 82 ft (10 25 m) depth stratum. In January .1987, more
fish were observed at greater depths than in October 1986.
Fine-scale radial or perpendicular transects were made at V2 and V4,
respectively, to obtain additional abundance and distributional information
about fish in the areas of the proposed inlet-outlet works. Results of
these fine-scale transects are shown in Figures, 27 to 38 for the four quar-
terly surveys. In April 1986, at V2, most fish were in shallow water, less
than 82 ft (25 m), with three fish between 82 - 328 ft (25 and 100 m).
At V4, all fish except one were in water less than 82 ft (25 m) deep, the
one exception being 173.8 ft (53 m) deep.
In July 1986 at V2, 13 fish were in water less than 82 ft (25 m) deep,
and three fish were in water greater than 82 ft (25 m) deep. At V4, all
seven fish found were in water less than 82 ft (25 m) deep.
In October 1986 at V2, small schools as well as individual fish were
encountered. During the first survey, all fish were between 137.8 - 144.3 ft
(42 - 44 m), while on the second survey, all fish were at a depth of between
144.3 - 150.1 ft (44 - 46 m). At. V4, small schools and individual fish
were encountered during the first survey at a depth of 137.8 - 144.3 ft
(42 - 44 m), but for the second survey, fish were slightly deeper, around
164 ft (50 m).
In January 1987, all fish at V2 were again deep and were below 229.6 ft
(70 m), for the first survey, while during the second survey, all fish were
below 246 ft (75 m). The same distributional pattern prevailed at V4 in
January, with all fish encountered below 246 ft (75 m). This change in
depth distribution on the fine-scale transects at V2 and V4 is similar to
the overall seasonal increase in depth distribution of fish as discussed
earlier.
The hydroacoustic survey of Virgin Canyon yielded target strengths
for each fish. Target strength can then be used to calculate fish size.
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Figure 27. Location and depth of fish, detected from dual-beam hydroacoustic surveys made near a
potential eastern location of the Spring Canyon Powerplant inlet/outlet structure in
Virgin Canyon, Lake Mead, during April, 1986.
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Figure 28. Location and depth of fish detected from dual-beam
hydroacoustic surveys made near the preferred western
location of the Spring Canyon Powerplant inlet/outlet
structure in Virgin Canyon, Lake Mead, during April, 1986.
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Figure 29. Location and depth of fish detected from dual-beam hydroacoustic surveys
made near a potential eastern location of the Spring Canyon Powerplant
inlet/outlet structure in Virgin Canyon, Lake Mead, during July, 1986.
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Figure 30. Location and depth of fish detected from dual-beam
hydroacoustic surveys made near the preferred western
location of the Spring Canyon Powerplant inlet/outlet
structure in Virgin Canyon, Lake Mead, during July, 1986.
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Location of fish schools detected from dual-beam hydroacoustic surveys
made near a potential eastern location of the Spring Canyon Powerplant
inlet/outlet structure in Virgin Canyon, Lake Mead, on 29 October, 1986.
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Figure 32. Location of fish schools detected from dual-beam hydroacoustic surveys made
near a potential eastern location of the Spring Canyon Powerplant inlet/outlet
structure in Virgin Canyon, Lake Mead, on 31 October, 1986.
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Figure 33. Location of fish schools detected from dual-beam hydroacoustic
surveys made near the preferred western location of the
Spring Canyon Powerplant inlet/outlet structure in Virgin
Canyon, Lake Mead, on 29 October, 1986.
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Figure 34. Location of fish schools detected from dual-beam
hydroacoustic surveys made near the preferred western
location of the Spring Canyon Powerplant inlet/outlet
structure in Virgin Canyon, Lake Mead, on 31 October,
1986.
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Fiqure 35. Location of fish schools detected from dual-beam hydroacoustic surveys
nade near a potential eastern location of the Spring Canyon Powerplant
inlet/outlet structure in Virgin Canyon, Lake [lead, on 22 January, 1987.
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Figure 36. Location of fish schools detected from dual-beam hydroacoustic surveys
made near a potential eastern location of the Spring Canyon Powerplant
inlet/outlet structure in Virgin Canyon, Lake Mead, on 21 January, 1987,
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Figure 37. Location of fish schools detected from dual-beam hydroacoustic
surveys made near the preferred western location of the Spring
Canyon, Lake Mead, on 21 January, 1987.
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Figure 38. Location of fish schools detected from dual-beam hydroacoustic
surveys made near the preferred western location of the
Spring Canyon Powerplant inlet/outlet structure in Virgin
Canyon, Lake Mead, on 22 January, 1987.
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The distribution of target strengths can also yield information about size
classes of fish in a study area. As an example of the vertical distribution
of target strength and thus fish size, data from the 31 October, 1986 survey
at V2 is shown in Figure 39. October was chosen because fish density was
much greater than during earlier surveys. Average target strength is shown
for each depth stratum, along with the calculated average fish length.
This type of target strength distribution was plotted for each site for
each survey. From target strength distribution data, it was found that
a large number of small fish, probably threadfin shad, entered the study
area sometime before the October 1986 survey, and were still present in
January 1987. Mean target strength decreased throughout the study period
in all areas except Temple Basin indicating smaller fish. At Temple Basin,
target strength increased for the July 1986 survey, then decreased during
October 1986 and January 1987. Target strength distribution for a 30 minute
stationary collection period in Virgin Canyon in January 1987 is shown in
Figure 40. Combined data from all depth strata shows a definite bimodal
distribution in target strengths, indicating a bimodal distribution in fish
size. Small fish were far more abundant than large fish.
Hydroacoustlc Surveys, Single-Beam '
Combined, standardized fish target data from single-beam hydroacoustic
surveys indicated that, of the three Lake Mead canyon areas, fish were gener-
ally more abundant in waters of Iceberg canyon near the Colorado River in-
flows. Combined data showed that 67 percent of all fish targets observed
were from Iceberg Canyon, 20 percent were from Boulder Canyon, and only
13 percent were from Virgin Canyon. Further, during every month surveyed
except for October, 1986 and February, 1987, fish density in Iceberg Canyon
was at least 2.5 times the density in either Virgin or Boulder Canyons.
In February, fish density in Virgin Canyon remained lower than in Iceberg
Canyon at _<1 fish per 1,000 ft (304/9 m) transect vs. approximately 4 fish
per 1,000 ft (304.9 m) transect but density in Boulder Canyon had increased
to nearly 7 fish per 1,000 ft (304.9 m) transact. In March, no fish targets
were observed in either Iceberg or Virgin Canyons, although nearly 3 fish
per 1,000 ft (304.9 m) of transect occurred in Boulder Canyon.
During general thermal stratification periods for Lake Mead (May through
October), fish densities in the upper 100 ft (30.5 m) were nearly the same
in Virgin and Boulder Canyons. For example, the following fish densities
(fish targets per 1,000 ft or 304.9 m of transect) were observed during
this period: 0 - 20 ft or 0 - 6.1 m, 1.4 - 2 fish; 20 - 40 ft or 6.1 12.2 m,
0.7 - 1.2 fish; 40 - 60 ft or 12.2 18.3 m, 0.3 - 0.5 fish; 60 80 ft or 18.3 -
24.4 m, 0.1 0.2 fish; 80 - 100 ft or 24.4 - 30.5 m, 0.1 0.4 fish. In Iceberg
Canyon, fish densities throughout 0 -100 ft depths (0 -30.5 m) were almost
five times as great as in other canyon waters. A common aspect of fish
distribution among the canyons during thermal stratification periods was
a rapid drop in numbers of fish targets with depth, within the 0 - 100 ft
(0 - 30.5 m) depth strata. However, during nearly isothermal periods in
December and February, fish tended to be more concentrated in deeper areas,
of the 0 - 100 ft ( 0 - 30.5 m) depth strata at all sites.
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rIn Virgin Canyon, the highest fish densities were recorded in September
1986 and June 1987, at 5.2 and 5.1 fish per 1,000 ft (304.9 m) respectively.
In both cases, most fish were in the upper 40 ft (12.2 m) of the water column.
The lowest fish density in Virgin Canyon was recorded in January at 0.3
fish per 1,000 ft (304.9 m) transect.
Egg and Larval Fish Surveys
No fish eggs were found in any of the samples collected in Virgin Canyon
or Gregg Basin during the period 9 April to 29 July, 1986. Larval fish
were first collected during the 10 June, 1986 sample period and were present
up to the last sample period on 29 July, 1986. The total volume of water
filtered at each of the three sites, along with the total number of larvae
collected per m3 are shown in Table 57. Slight changes in tow speed at
different sites due to local meteorological conditions account for differences
in the total volume of water filtered from site to site and sample period
to sample period. The greatest number of larvae collected during the four,
month study period were sampled in early June, with a gradual decrease in
abundance of larvae through the end of July. No striped bass larvae were
identified from any of the samples. Sunfish (Centrarchidae) and shad (Clupei-
dae) larvae were found (Table 58). Most sunfish larvae were identified
as bluegill (Lepomis macrochirus), with a few tentative green sunfish (Lepomis
cyanellus). Other larvae were threadfin shad (Dorosoma petenense). General-
ly, centrarchid larvae abundance was highest in early June and declined
through July; abundance was higher at the cove (preferred site) in early
June than in the canyon site and in Gregg Basin (Table 58). In late June,
however, sunfish larval numbers were lower at the cove than in early July,
while in the canyon, sunfish larval abundance was higher in late June than
in early July. By the end of July, no sunfish larvae were collected in
either the cove or Gregg Basin while low numbers were present in the canyon.
Threadfin shad were collected only in early June and late July. In early
June, numbers of threadfin shad were low compared to numbers of sunfish
larvae, while in late July, threadfin shad were found where sunfish larvae
were absent.
Larval fish sampling in 1987 was concentrated on one site in Virgin
Canyon outside Slide Cove, the preferred site. However, both shallow and
deep, and daytime and nighttime sampling was conducted. Two eggs were found
in a shallow daytime tow on 6 May, and one egg each in a shallow nighttime
tow and a deep daytime tow on 27 May. Table 59 shows volumes of water filter-
ed and larvae collected for the 1987 sampling. In 1987, fish larvae were
first collected in late May, a period not sampled in 1986. On 27 May, one
sunfish larvae was collected in each of two shallow nighttime tows. Sunfish
larvae were not identified to genus in 1987. Larvae next appeared on 10 June,
when sunfish, carp, and shad larvae were collected in shallow tows, with
five larvae collected in daytime tows and two during nighttime tows. Larval
fish, consisting of sunfish and shad, were collected through early July
1987 in contrast to 1986, when larval fish were collected even in late July.
In 1987, the greatest number of larvae were collected in early July, compared
to early June in 1986. A direct comparison of larval fish distribution
and abundance between 1986 and 1987 is difficult since the sampling location
in 1987 was outside of Slide Cove in the main channel of Virgin Canyon.
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Table 57. Results of fish egg and larval sampling in Virgin Canyon,
Lake Mead, during April to July, 1986.1
Date
9 April
30 April
19 May
10 June
Sampling Site
Cove (V4)
Canyon (V2)
Gregg Basin
Cove (V4)
Canyon (V2)
Gregg Basin
Cove (V4)
Canyon (V2)
Gregg Basin
Cove (V4)
Canyon (V2)
Gregg Basin
Replicate
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
Volume
Filtered (m3)
28.1
28.0
39.8
41.0
44.8
42.3
37.3
37.8
35.9
37.2
57.3
59.0
69.0
73.1
59.7
75.3
72.2
73.9
Number of
Larvae
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
17
8
6
6
4
4
Larvae per
Cubic Meter
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.17
0.08
0.05
r-
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j*w Table 57 (continued)
Date
30 June
9 July
29 July
Sampling site
Cove (V4)
Canyon (V2)
Gregg Basin
Cove (V4)
Canyon (V2)
Gregg Basin
Cove (V4)
Canyon (V2)
Gregg Basin
Replicate
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
Volume
Filtered (m3)
74.9
78.2
53.3
64.1
75.4
79.9
76.3
75.0
75.3
74.7
79.3
80.4
36.0
29.5
52.5
48.7
67.8
64.5
Number of
Larvae
3
0
5
4
2
2
2
3
0
0
0
4
0
2
1
2
0
1
Larvae per
Cubic Meter
0.02
0.08
0.03
0.03
0.0
0.03
0.03
0.03
0.01
No fish eggs were found in any sample.
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Table 58. Sunfish (Centrarchidae) and shad (Clupeidae) larvae collected at three sites in or near
Virgin Canyon, Lake Mead, during 10 June through 29 July, 1986.1
Centrarchidae Larvae
Date
10 June
30 June
9 July
29 July
Site
Cove (V4)
Canyon (V2)
Gregg Basin
Cove (V4)
Canyon (V2)
Gregg Basin
Cove (V4)
Canyon (V2)
Gregg Basin
Cove (V4)
Canyon (V2)
Gregg Basin
Total Volume
Sampled (m3)
150.8
144.7
148.9
153.1
117.4
155.3
151.3
149.7
159.7
65.5
101.2
132.3
Total Number
24
10
7
3
9
4,
5
0
4
0
3
0
No./m3
0.16
0.07
0.05
0.02
0.08
0.03
0.03
0.0
0.03
0.0
0.03
0.0
Clupeidae Larvae
Total Number
0
2
1
0
0
0
0
0
0
1
0
1
No./m3
0.0
0.01
0.01
0.0
0.0
0.0
0.0
0.0
0.0
0.02
0.0
0.01
1 Includes all fish larvae collected during 1986 sampling except for two unidentified specimens taken
on 10 June and 29 July at the Cove site.
However, in 1987, deep tows were conducted at about the depth of the proposed
>»- inlet-outlet works. Only four larvae-were collected in deep nighttime tows,
on 25 June, but there is a possibility that the nets may have fished on
the way down, contaminating the sample. In 1987, mostly sunfish and shad
were collected. Shad were particularly abundant in early July in shallow
nighttime tows, with none in the daytime tows. No shad were collected in
early July, 1986, but only daytime tows were conducted then. No striped
bass larvae were collected in 1987, similar to 1986.
.''**' •
More larval fish were collected in shallow nighttime tows than in either
shallow daytime tows or deep tows at any time of day (Table 59). Sunfish
^ larvae appeared in shallow nighttime tows from 27 May to 7 July. Shad larvae
"~ also were more abundant in shallow nighttime tows during this period, although
none were collected in late May. Because of the possibility of contamination
by surface water, it is not clear whether the larvae found in the deep night-
— time tows truly indicate larvae presence at depth. On that occasion, both
sunfish and shad larvae were collected in the shallow nighttime tow, support-
ing the possibility of contamination of the sample as the Bongo nets were
,._ lowered to depth. Larval fish were not abundant in Virgin Canyon, and were
generally in shallow water, away from the influence of the inlet-outlet
works, at least at the present water level of Lake Mead.
Vertical Gill netting
Few fish were collected in the vertical gillnets set in the Virgin
""' Canyon. No fish were collected with 3/^  jn (19.1 mm), 1^/g ^n (4^ 3 mm))
and 2% in (63.5 mm) nets. Only six fish were netted in the other three
nets, as shown in Table 60.
No large sport fish were collected and with so few fish of any size
netted little can be concluded about species composition or vertical distribu-
tion. Since the nets were not set as deep in the canyon site (V2) as the
depth of the proposed inlet-outlet works, nothing can be said about fish
abundance at that depth. Only one fish, a striped bass, was collected in
the cove site (V4) on an overnight set 29-30 July 1986. This striped bass
(473 mm F.L., 805. ,g) was caught in the 1 in (25.4 mm) mesh net in the 32.8 -
89.2 ft (10 - 15 m) depth stratum. With so few fish collected it is diffi-
cult to verify fish species composition to support the hydroacoustic work.
The major observation from the vertical gillnetting effort was that at least
__ on 5 July, striped bass were near the surface, rainbow trout were somewhat
deeper in the canyon, and striped bass were between 32.8 - 49.2 ft (10 -
15 m) in the cove. No additional gillnetting was planned to accompany the
hydroacoustic survey in Virgin Canyon. Personnel from the Arizona Game
and Fish Department indicated in earlier conversations that vertical gill-
netting would yield little information about fish distribution, and the
results obtained during this study tend to support their previous observa-
^ tions. In the cove (V4), the bottom meshes of several nets were at or about| the proposed elevation of the inlet-outlet works (about 196.8 ft, or 60
m deep), but the only fish caught at this site was in the 32.8 - 49.2 ft
(10 15 m) depth stratum. Different placement of buoys at the canyon site
r*~~~ might have allowed deeper placement of nets; however, the dual-beam| hydroacoustic investigation indicated few or no fish at that depth during
most surveys.
P ' ,
Table 59. Results of the 1987 fish egg and larvae sampling near the preferred location of the Spring
Canyon Pumped-Storage inlet-outlet structure in Virgin Canyon, Lake Mead.*
Date Time Depth
Total Volume
Filtered (m3)
Total Number Larvae
Larvae per Cubic Meter Larval Taxa
6 May
27 May
10 June
25 June
7 July
28 July
Day
Night
Day
Night
Day
Night
Day
Night
Day
Night
Day
Night
Shallow
Deep
Shallow
Deep
Shallow
Deep
Shallow
Deep
Shallow
Deep
Shallow
Deep
shallow
Deep
shallow
Deep
Shallow
Deep
Shallow
Deep
Shallow
Deep
Shallow
Deep
233.
97.
245.
151.
376.
693.
351.
818.
415.
281.
374.
1,021.
447.
975.
436.
1,045.
366.
1,482.
384.
1,096.
416.
967.
431.
906.
4
2
7
3
2
6
9
6
2
1
4
3
8
6
6
1
3
1
9
6
4
1
8
4
0
0
0
0
0
0
2
0
5
0
2
0
7
0
12
4
2
0
28
0
0
0
0
0
0
0
0
0
0
0
<0
0
0
0
<0
0
0
0
0
<0
<0
0
0
0
0
0
0
0
.0
.0
.0
.0
.0
.0
.01
.0
.01
.0
.01
.0
.02
.0
.03
.01
.01
.0
.07
.0
.0
.0
.0
.0
Centrarchidae
Centrarchidae
Clupeidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
(3)
, Cl
(6)
(5)
(3)
(4)
, Cyprinidae
upeidae
, Clupeidae
, Clupeidae
, Clupeidae
, Clupeidae
>
(1)
(7)
(1)
(24)
1 Only four fish eggs (unidentified) were collected in 1987 samples: two were taken on 6 May in shallow
water (daytime), and two were collected on 27 May (one in shallow water at night and one in deep water
during daytime).
Table 60. Lengths and weights of fish collected by vertical gill nets
set at the Canyon site in Virgin Canyon, Lake Mead, during
28-29 July, 1986.
Species
Striped bass
Striped bass
Striped bass
Striped bass
Rainbow trout
Carp
Fork
Length (mm)
293
234
360
257
362
393
Weight (g)
284
186
520
224
414
980
Net Mesh
Size (in)
1
1
1*
1*
1*
2
Depth Strata
of Capture (m)
0-5
0-5
0-5
0-5
10-15
0-5
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Underwater Investigations
>«-
Dives in the two coves and along the north wall of Virgin Canyon in
July revealed 4,737 fish between the depths of 15 and 60+ ft (4.6 and 18.3 m).
— Observations were standardized into fish observed per minute for the major
species, as shown on Table 61. Largemouth bass fry were the most frequently
observed fish (37.2 fish/minute). Juvenile bass ranged from 0.2 to 1.0
fish/minute and adults from 0.3 to 0.4 fish/minute, at 15 ft and 30 ft (4.6 -
9.2 m) respectively.
Sunfish, including bluegills and green sunfish, were the next most
^ abundant species and numbers ranged from 2.8 to 5.4 fish/minute. It should
be noted that numbers of largemouth bass and sunfish could be expected to
be higher at depths above 15 ft (4.6 m). A diver on the surface might have
,-. seen more than a diver at 15 ft (4.6 m). Large numbers of both sunfish
and largemouth bass were normally observed by divers entering the water
but numbers of fish decreased with depth.
"" Fish appeared to favor shallow water with the exception of channel'
catfish and carp which were the only species observed below 45 ft (13,7 m).
On the north wall of Virgin Canyon an additional depth of 75 ft (22.9 m)
was surveyed but no fish were observed.
No fish were observed in any of the five boat tows. Visibility varied,
./•• from 15 ft (4.6 m) on the surface to less than 3 ft (0.9 m) at a depth of
60 ft (18.3 m). Visibility also varied depending upon location. Off Channel
— Island visibility dropped off sharply at 50 ft (15.2 m). Visibility dropped
__ by 50 percent in less than 10 ft(3.1 m). Divers dropped to 85 ft (25.9 m)
" to see if this was localized, but turbidity increased with depth. Turbidity
was not a problem inside Virgin Canyon. Visibility was still 6 to 10 ft
(1.8 - 3.1 m),ata depth of 80 ft (24.4 m).
s
Divers (two teams) were towed for a total of 56.6 minutes covering
6,792 ft (2,071 m). Visibility was such that if appreciable numbers of
fish had been located anywhere in the water column between 0 and 70 ft (0 -
21.3 m), they would have been observed, since all species except shad were
encountered while diving over or near structure.
Overall, seven fish species were observed by divers including channel
catfish, largemouth bass, green sunfish, bluegill, carp, striped bass, and
rainbow trout. The only major species of importance to Lake Mead not encoun-
,— tered was threadfin shad. All fish were easily observed, especially large-
mouth bass and sunfish. Of all fish encountered, striped bass appeared
to be the most wary of divers. Sunfishes (including largemouth bass) were
the most abundant and were found in shallow waters. Their occurrence decreas-
r~ ed with greater depths and they were seldom observed at depths greater than
I 45 ft (13.7 m). Carp and channel catfish, on the other hand, were rare
and their occurrence increased with depth to 60 ft (18.3 m). One transect
r^ > was surveyed at 75 ft (22.9 m) but no fish were observed.
The dives made at random depths off Channel Island and its nearby reef
^ provided generally the same information as the Virgin Canyon cove dives.
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i '-1 ~—\e 61. Results of underwater (SCUBA)
Lake Mead, 30 July,
Depth
Species (ft)
Largemouth bass, 15
<3 in 30
45
60
Largemouth bass, 15
3-6 in 30
45
60
Largemouth bass, 15
6 in 30
45
60
Bluegill/Sunfish 15
30
45
60
Carp 15
30
45
60
Channel catfish 15
30
45
60
1986.
Slide
No.
1,400
1,350
40
0
43
0
0
0
10
12
0
0
276
135
150
0
7
7
5
4
1
0
0
1
s 1 / N
!
fish observations
Cove 1
F/M3
43.8
42.2
1.6
0.0
1.3
0.0
0.0
0.0
0.3
0.4
0.0
0.0
8.6
6.0
6.0
0.0
0.2
0.2
0.2
0.2
<0.1
o!o
0.0
<0.1
) }
along canyon
Canyon si te2
No.
' 1,000
0
0
0
19
16
0
0
5
12
0
0
61
51
0
0
5
5
9
2
1
0
0
2
F/M
45.5
0.0
0.0
0.0
0.9
0.7
0.0
0.0
0.2
0.6
0.0
0.0
2.8
2.3
0.0
0.0
0.2
0.2
0.7
0.2
<0.1
0.0
0.0
0.2
I }
and cove walls
North
No.
55
0
0
0
6
0
0
0
3
0
0
0
20
0
0
0
2
2
11
7
0
0
0
2
Wall
F/M
4.5
0.0
0.0
0.0
0.5
0.0
0.0
0.0
0.3
0.0
0.0
0.0
1.7
0.0
0.0
0.0
0.2
0.2
0.9
0.6
0.0
0.0
0.0
0.1
"I
•7
of Virgin
} ' ^
^Canyon,
Total
No.
2,455
1,350
40
0
68
16
0
0
18
24
0
0
357
186
150
0
14
14
25
13
2
0
0
5
F/M
37.2
20.5
0.8
0.0
1.0
0.2
0.0
0.0
0.3
0.4
0.0
0.0
5.4
2.8
3.0
0.0
0.2
0.2
0.5
0.3
<0.1
0.0
0.0
0.1
1 Slide Cove represents the area of the "preferred" location for the pumped-storage inlet-outlet
structure.
^"Canyon Site" is a smaller cove area and potential, though "less preferred" location for the inlet-outlet
structure.
= fish observed per minute.
Largemouth bass and sunfish were the most common fish followed by carp,
channel catfish, and striped bass. Since effort varied with depth it is
not possible to compare this information.
The observations made during the July 1986 dive effort indicate that
most game fish in Lake Mead generally prefer warmer water temperatures.
During the summer when Lake Mead stratifies thermally, fish are found mainly
at shallow depths.
Only 30 fish were observed during the dive investigation in January,
1987 (Table 62). Weather conditions were sunny but cool with water tempera-
tures in the low 50's (degrees farenheit). Water visibility exceeded 25
to 30 ft (7.6 - 9.2 m) making it similar to or slightly better than the
July, conditions. Approximately half the carp were observed lying on or
under rock ledges or brush in dormant state with the remaining fish swimming
close to the substrate. The few sunfish seen were small and found between
rock interspaces.
Comparison of areas. The sites examined by SCUBA represented two coves
and an area typical of Virgin Canyon's vertical walls. Slide Cove was the
largest of the two coves, and had generally steep slopes except for the
center which had a gradual slope due to buildup of silt deposited from a
nearby wash. The Canyon Site had steeper slopes sometimes consisting of
vertical rock walls. No major washes entered the canyon site which could
result in the possibility of underwater alluvium terraces. Fish habitat
structure was generally similar to Slide Cove and was made up of boulders,
large rock, and rubble. The North Wall site on the other hand, represented
an almost vertical slope situation. There were a few areas underwater which
had small rocky terraces and rock talus.
Slide Cove had the less radical slopes of the three areas, had more
submerged vegetative and rocky cover, and during the summer had the greatest
density of fish. Table 63 reflects an average of all fish observed during
the dive. Largemouth bass and sunfish densities were nearly double compared
to the Canyon Site and 5 to 17 times greater than at the North Wall. Carp
abundance was similar for all sites and both seasons.
During winter, the sites appeared similar with respect to fish density.
Carp abundance was generally the same with only a small number of largemouth
bass and sunfish being observed in Slide Cove.
Of the three Virgin Canyon areas examined, Slide Cove had the highest
fish numbers followed by Canyon Site and North Wall. Both coves contained
relatively large numbers of young-of-the-year sunfish and largemouth bass
which suggests substantial spawning activity. This activity was not evident
at the North Wall Site.
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Table 62. Results of underwater (SCUBA) fish observations along canyon and cove walls of Virgin
Canyon, Lake Mead, 22 January, 1987.
Species
Largemouth bass
Sunfish
Carp
Catfish4
Depth
(Ft)
15
30
45
60
15
30
45
60
15
30
45
60
15
30
45
60
75
90
Slide
No.
0
0
0
0
0
0
0
0
1
8
1
1
0
0
0
0
1
0
Cove1
F/M3
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
<0.1
0.3
<0.1
<0.1
0.0
0.0
0.0
0.0
0.1
0.0
Canyon
No.
0
3
0
0
0
0
1
1
2
1
3
0
0
0
0
0
-
~
Site2
F/M
0.0
0.2
0.0
0.0
0.0
0.0
0.1
0.1
0.1
0.1
0.2
0.0
0.0
0.0
0.0
0.0
-
—
North
No.
0
0
0
0
0
0
0
0
2
1
3
1
0
0
0
0
-
~"
Wall
F/M
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.2
0.1
0.0
0.0
0.0
0.0
-
—
Total
Number
No.
0
3
0
0
0
0
1
1
5
10
7
2
0
0
0
0
1
0
l$lide Cove represents the area of the "preferred" location for the pumped-storage inlet-outlet structure,
^"Canyon Site" is a smaller cove area and potential, though "less preferred " location for the inlet-
outlet structure.
3p/M = Fish observed per minute.
4Dive studies included 75 and 90 ft depths in Slide Cove; however, only one fish (catfish) was observed.
Table 63. Comparison of underwater (SCUBA) estimates of fish abundance
(fish/minute) to a depth of 60 ft along canyon and cove
walls of Virgin Canyon, Lake Mead, during July, 1986 and
January, 1987.
Date Species Slide Cove1 Canyon Site2 North Wall
30 July
22 January
Largemouth bass
Sunfish
Carp
Catfish
Largemouth bass
Sunfish
Carp
Catfish
7.5
4.7
0.2
<0.1
0.1
<0.1
0.1
<0.1
4.0
1.3
0.3
0.1
0.0
0.0
0.1
<0.1
0.4
0.4
0.5
<0.1
0.0
0.0
0.1
0.0
1 Slide Cove represents the area of the "preferred" location for the pumped-
storage inlet-outlet structure.
2 "Canyon Site" is a smaller cove area and a potential, though "less preferred",
location for the inlet-outlet structure.
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DISCUSSION AND ASSESSMENT OF POTENTIAL AQUATIC IMPACTS
Water Temperature and Hater Movements
Water temperatures in Virgin Canyon during 1986 and 1987 near the pro-
posed pumped storage Powerplant ranged from 10.5 to 28.4 °C, considering
all depths and months. Maximum temperatures occurred in surface water during
August, while minimum values were found near bottom during February. Maximum
surface temperatures some 6 - 12 mi (10 - 20 km) upstream in Gregg Basin
and Iceberg Canyon respectively were higher by some 2.2 - 2.7 °C. Temperature
extremes were nearly identical between Virgin Canyon and Temple Basin, some
7.5 mi (12.5 km) downstream. Generally, annual thermal patterns throughout
Gregg Basin, Virgin Canyon and Temple Basin were similar. Thermal patterns
in 1986 and 1987 were also similar to earlier data taken from Upper Basin
waters of Lake Mead.
Data from Colorado River inflows (Columbine Falls), approximately 32.5 mi
( 39.2 km) above Virgin Canyon, demonstrate how downstream portions of Lake
Mead become thermally stratified (Table 64). For example, water flowing
by Columbine Falls during August, 1986, was 16.4 - 16.8 °C throughout the
16.4 ft (5 m) water column. Surface and bottom readings at Virgin Canyon
for the same period were 28.4 and 12.5 °C, respectively.
Thermal profiles in Virgin Canyon indicated that temperature stratifica-
tion was most apparent during June through September. Considering this four
month period, epilimnions were contained within 0 - 42.6 ft (0 - 13 m) depths,
metalimnions were located within 26.2 - 68.9 ft (8 - 21 m), and hypolimnions
were found from about 52.3 ft (16 m) to the bottom (Table 65). Temperatures
within these zones ranged as follows: epilimnion, 22.9 - 28.4 °C;
metalimnion, 17.4 - 25.1 °C; hypolimnion, 12.2 - 20.5 °C. Some 78 86 percent
of the volume of Virgin Canyon was hypolimnetic, 5 - 9 percent was
metalimnetic, and 7 - 1 3 percent was epilimnetic water.
During the stratification periods, mid-water density currents origina-
ting upstream from Colorado River inflows were indicated from temperature
records. Temperatures generally between 15 - 19 °C appear to be good tracers
for these currents during summer months. In Virgin Canyon, depths where
15 - 19 °C waters were found varied from approximately 49.2 - 114.8 ft (15 -
35 m) in June to 72.2. - 180.4 ft (22 - 55 m) in September. This trend
of a sinking density current was consistent throughout this period.
During the remaining eight months (October through May) thermal stratifi-
cation is either weak or nonexistent. Though October and November surface
to bottom temperatures may differ some 5 - 7 °C, little evidence for a meta-
limnion exists. The Colorado River density current appears to have dropped
further, perhaps reaching depths greater than 213.2 ft (65 m). During
December through March, near isothermal conditions are maintained (tempera-
tures ranged from 10.5 - 15.0 °C considering all depths) and most of the
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Table 64. Maximum and minimum water temperatures from surface and bottom depths at five sites
in upper Lake Mead during May, 1986 through April,1987.
Location^ Water Depth
(m)
Columbine Falls 5
Iceberg Canyon 28
Gregg Basin 85
Virgin Canyon 105
Temple Basin 125
Max. (Month)
16.8 (Aug)
31.1 (Aug)
30.8 (Aug)
28.4 (Aug)
28.7 (Aug)
Surface
Mi n. (Month)
9.5 (Jan)
10.7 (Jan)
12.6 (Jan)
12.7 (Mar)
12.6 (Jan)
Diff. Max. (Month)
7.3 16.4 (Aug)
20.4 18.8 (Aug)
18.2 13.9 (Nov)
15.7 13.3 (Dec)
16.1 12.6(Nov/
Dec)
Bottom
Mi n. (Month)
9.4 (Jan)
9.7 (Jan)
10.4 (Feb)
10.5 (Feb)
10.7 (Feb)
Diff.
7.0
9.1
3.5
2.8
1.9
1 Refer to Figure 5 for sampling locations. Columbine Falls represents the inflow waters of
the Colorado River to Lake Mead.
Table 65. Estimated depths (m) of the epilimnion, metalimnion and hypolimnion, with associated
temperatures (°C) in Virgin Canyon during months of potential thermal stratifications.
Month
April
May
June
July
August
September
October
Epil
Depths
0-2
0-17
0-7
0-12
0-10
0-13
0-30
imnion
Temperature
18.4-17.9
19.8-19.0
23.9-23.2
25.7-22.9
28.4-25.4
25.0-24.5
20.1-17.6
Metal
Depths
2-3
18-19
8-16
13-21
11-15
14-18
30-35
imnion
Temperature
17.9-16.5
18.7-17.6
22.9-17.4
22.2-18.3
25.1-20.7
24.5-20.3
17.6-16.7
Hypol
Depths
4-100
20-100
17-100
22-100
16-100
19-100
35-100
imnion
Temperature
16.5-11.4
17.3-12.1
17.3-12.3
18.2-12.2
20.5-12.5
19.8-12.5
16.9-12.6
1 December, January, February and March are unstratified months. In this study, surface to
bottom temperatures never differed more than 2.6 °C for this four month period. April and
May are transitional, and though surface to bottom temperature differences are developed (about
7 °C), metalimnions are weak and extend only over several meters. June through September
are the months of greatest and most stable thermal stratification. In October, stratification
begins to break up, though a deep metalimnion can sometimes be discerned. November is also
transitional with little or no stratification, although surface to bottom temperatures differences
may still be 4-5 °C.
water column is considered well mixed through lack of density gradients.
Since Colorado River water temperatures are near or less than bottom tempera-
tures in Virgin Canyon, river flows are presumed to move close to the bottom,
at least during December and January. In late winter (February and March),
there is a tendency for Colorado River flows to rise within the water column
because of a slightly faster warm-up of inflowing surface waters (at Columbine
Falls) relative to waters at bottom depths of Lake Mead. April and May
typify transitional months in Virgin Canyon where upper level waters are
rapidly warming and general thermal instability exists in the water column.
Surface and bottom temperatures may differ by 7 °C in April and 8 °C in
May, but metalimnions are not well established. Colorado River inflows
tend to travel near the surface in Virgin Canyon during April and May because
of spring warming of shallow, inflowing surface waters and contact
with warmed, surface waters of Gregg Basin.
The effects of alternating inflows and outflows resulting from opera-
tion of the Spring Canyon Pumped Storage Powerlant upon the thermal struc-
ture and current regimes in Virgin Canyon are complex and difficult to predict
accurately without the aid of physical models. Present plans call for an
inlet-outlet structure at 1,000 ft (304.9 m) elevation with potential peak
withdrawal flows of 16,000 ft3/s (453 m3/s) and inflows (generating modes)
of some 27,000 ft3/s (765 m3/s) (USBR 1987). Given present elevations of
Lake Mead (about 1,210 ft or 368.9 m), some 200 ft (61 m) of water will
rest above the intake-outlet orifices. This positions the intakes deep
in hypolimnial waters, where surrounding temperatures remain within the
narrow range of 11 - 13 °C throughout the year. Further, during thermal
stratification periods (June - September), some 138 ft (42 m) of vertical
distance separates the intake structure from the greatest depth reached
by the bottom of the metalimnion (about 68 ft, or 21 m). Even if surface
levels of Lake Mead should drop to 1,120 ft, or 341.5 m (predicted lake
levels until the year 2,000 should not go below this; Baker and Paulson
1980), the inlet-outlet would still remain 120 ft (37 m) below the water
surface, or approximately 49 ft (15 m) below the greatest depth reached- by
the bottom of the metalimnion during summer. Temperatures associated with
intake flows at a Lake Mead elevation of 1,120 ft (341.5 m) should range
only from 12-17 °C throughout the entire year. This is predictable because
natural thermal stratification patterns, metalimnetic depths, etc., would
remain very similar under all potential water level changes of Lake'Mead
(Paulson et al. 1980).
Water withdrawals from Virgin Canyon (pumping modes) should cause less
physical disturbance compared to water inputs (generating cycles). Cold,
hypolimnetic water with temperatures of 11 - 14 °C will be mainly what is
exposed to withdrawal for many years after the Spring Canyon Plant is con-
structed. Studies of potential increased withdrawals through Hoover Dam
from deep, hypolimnetic waters shed light on what could happen in Virgin
Canyon (Baker and Paulson 1980). During that study, hypolimnial discharge
rates much higher than the withdrawal rates proposed for Spring Canyon did
not significantly alter thermal stratification near Hoover Dam. However,
some hypolimnetic seiche activity in summer could occur in Virgin Canyon
during water withdrawal, shifting deep isotherms several meters vertically.
This effect would appear to have no significant impact on ecological systems
within Virgin Canyon.
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rThe origin of replacement water in Virgin Canyon depends upon several
factors including water temperatures, presence or absence of thermal stratifi-
cation, ambient water currents, and extent and duration of water withdrawals
(Paulson et al. 1980; Wunderlich and Elder 1973). Water tends to be withdrawn
from layers of limited thickness near turbine intakes (Wunderlich and Elder
1973). At Hoover Dam, during non-stratified periods (winter and early
spring), replacement water during discharge cycles was drawn from the entire
water column near the dam (Paulson et al. 1980). This occurred because
there were no density gradients sufficient to counteract local gravitational
forces. This condition can be expected also in Virgin Canyon during near -
isothermal conditions. During stratified periods, especially June through
September, density gradients in the metalimnion should be great enough to
overcome gravitational forces, and replacement water would necessarily be
from the hypolimnion. It is expected that hypolimnetic water masses would
move towards the intake structure from both upstream and downstream zones.
These hypolimnetic "interflows" could set up opposite water currents (circula-
tion cells) above and below due to water entrainment along flow boundaries
much like what happens when "interfows" develop from Colorado River inputs
into upper Lake Mead (Anderson and Pritchard 1951; Paulson et al. 1980).
The amount of replacement water needed to match volumes withdrawn from
Virgin Canyon may comprise a significant percentage of water contained within
the immediate canyon area. For example, when the Spring Canyon Pumped Storage
Powerplant operates at peak pumping capacity for a weekend during July,
approximately 16,000 acre ft of water could be withdrawn during a 12 hour
period. Incoming water current velocities are expected to be low but, at
the outer boundary of the velocity caps, velocities should be about 3 ft/s
(0.9 m/s), and flows should reach 15 ft/s (4.6 m/s) at the face of intake
orifices (Tom Myers, personal communication, Bureau of Reclamation, Hydrology
Branch, Boulder City, Nevada). However, these "farfield" currents may be
slightly greater during summer than winter, due to the more limited strata
where replacement water would come from. During pumping modes at the
Ludington Pumped-Storage Powerplant on Lake Michigan, water currents
approximately 200 ft (61 m) in front of the intake draft tube openings ranged
from 0.8 2.5 ft/s (25 - 76 cm/s) near the bottom to 1.3 - 2.9 ft/s (38 87
cm/s) near the surface (Listen et al. 1980). The Ludington water flows
are much greater than those proposed for Spring Canyon, although draft tube
openings are such that maximum face velocities are about 6 ft/s (152 cm/s)
which is about one-third less than the proposed face velocities at Spring
Canyon.
Offshore intake flows are restricted at Ludington, however, by a 30 x
1,100 ft (9 x 335 m) channel, which would tend to increase velocities near
the intakes compared to an open lake withdrawal configuration, similar to
that planned for Spring Canyon. At the end of the Ludington intake canal,
water flows are split and move north and south through 40 x 1,300 ft (12 x
396 m) openings into Lake Michigan. These 1300 ft (396 m) openings extend
1,600 ft (488 m) to 2,700 ft (823 m) out into Lake Michigan beyond the in-
takes. Here, water currents ranged from 0.3 - 1.3 ft/s (7.6 - 38 cm/s).
Current velocities approximately 1,300 ft (396 m) offshore of the Ludington
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canal openings ranged from 0.1 - 1.0 ft/s (2.5 - 30.6 cm/s) although most
(87.7 - 90 percent) current readings fell below 0.8 ft/s (25 cm/s) and many
(28.7 37.1 percent) were 0.4 ft/s (12-.5 cm/s) or less (Listen et al. 1980).
Differing hydraulic conditions between Ludington and Spring Canyon limit
direct application of water current data from one site to the other. However,
gentle, near ambient water currents during pumping modes at one-half mile
(2,694 m) or less from the Ludington intake are noteworthy. From this,
water currents in Virgin Canyon during the pumping cycle may be expected
to likewise be gentle at rather short distances from the intake system.
Longer term predictions of water levels indicate that holding volumes
of Lake Mead will diminish, since full utilization of water users' anticipated
share of Colorado River water should be reached by the year 2040 (Myers 1987).
Myers (1987) recently modeled expected Lake Mead elevations for the years
2040 - 2086 under various shortage "flag elevations" (elevations reached
when water shortage could be imposed for conservation of Lake Mead volume).
The following data are from M yer's model based upon shortage flag elevations
of 1,050, 1,060, 1,083, and 1,095 ft (320.1, 323.2, 330.2 and 333.8 m):
Shortage
Flag El ( f t )
1,050
1,060
1,083
1,095
Elev. 50 %
of Time ( f t )
1,142
1,143
1,145
1,148
% of Time
>1,043
94
96
97
97
% of Time
>1,083
74
75
93
93
% of Time
>1,123
58
60
63
63
There was not a significant difference in the percent of time above or below
key elevations when comparing shortage flag elevations 1,050 (320.1 m) through
1,095 (333.8 m). Thus, Myers chose 1,050 as the elevation at which water
shortages are imposed. Under this scheme, elevations would be above 1,083
(330.2 m) some 75 percent of the time, elevations above 1,123 (342.4 m)
would exist 58 percent of the time, and half of all elevations would be
approximately 1,142 (348.2 m). Considering elevation 1,083 (330.1 m), the
intake-outlet system would rest some 83 ft (25 m) below the water surface,
still below the expected maximum depth of the metalimnion (68 ft, or 21
m). If Lake Mead was allowed to approach or reach flag elevation 1,050
(320.1 m), the potential for entraining warmer, metalimnetic water during
stratification and thus destabilizing summer-time thermal structures would
increase and become a 100 percent probability at about elevation 1,069 (325.9
m). However, as noted previously, elevations are not expected to go below
1,120 (341.5 m) before the year 2000, and following this, some 40 years
remain before full use of water users' anticipated share of Colorado River
water is realized. It is highly probable that the Spring Canyon lower intakes
will rest in cold, hypolimnetic waters year round for much of the life of
the powerplant. Even at elevation 1,083 (330.2 m), intake water temperatures
should range
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only between 12 - 19 °C throughout each twelve month period assuming normal
thermal stratification. The 19 °C temperature would be reached during summer
and early fall only. Throughout December to July, intake water temperatures
should not go above 17 °C.
From expected temperature regimes near the lower intake structure
(Table 66), it is clear that the forebay (upper reservoir) will tend towards
a cold water habitat all year round during regular power plant operations.
Indeed, even if Lake Mead elevations fell to 1,050 (320.1 m), intake tempera-
tures below 20 °C would dominate under normal stratification conditions
for 8 months of the year, and a maximum of 24 °C may only be reached for
a brief period in September (Table 66). The forebay surface area at full
pond (elevation 1,950 or 594.5 m) approximates 1,820 acres, which is an
adequate surface for potential water temperature increases from solar radia-
tion. However, the forebay will not be static under normal operating procedu-
res, and some water will be withdrawn and subsequently replaced with cold
hypolimnetic water from Lake Mead daily. With a 2,000 megawatt operation,
the reservoir could be "cycled" about twice per month, or roughly 0.5 times
per week.
A degree of late summer thermal stratification could develop in the
forebay, however, because of its depth (a maximum of 392 ft, or about 120 m)
and other factors. The stratification would be more apparent in September,
when plant activity slows compared to summer months (Table 20). Also, slow
velocities through the forebay trashracks (2 ft/s; or 51 cm/s) should prevent
major turbulence or near-surface mixing in the forebay. Again, if stratifica-
tion occurs, temperatures in upper layers are not expected to reach the
maximum water temperatures in Virgin Canyon because of cold, hypolimnetic
water inputs into the forebay. However, a "pool" of wanned, near-surface
water could potentially rest upon a much larger, deeper pool of colder,
denser water during late summer months. Outlets from the forebay will be
covered by 46 - 80 ft (14 - 24 m) of water, depending on the surface elevation
of the forebay. The outlet would be deep enough to withdraw water from
immediately below or within a metalimnion, if forebay stratification depths
are similar to that in Virgin Canyon.
The potential for thermal stratification or appreciable surface to
bottom water temperature differences in the Spring Canyon forebay is under-
scored by other studies. At the Ludington Plant on Lake Michigan, the forebay
occasionally exhibited surface to bottom temperatures as great as 2 - 4 °C
(Listen et al. 1976). This occurred though the forebay was being cycled
some 2.5 times per week. Also, maximum depths of the Ludington forebay
were less than one third of those proposed for the Spring Canyon forebay.
Water currents in the Spring Canyon forebay will be complex, and both
density currents and large current gyres can be expected. The irregular
topography will add further to the complex nature of the water movements.
The low intake-outlet velocities proposed for the forebay (2 ft/s; 51 cm/s)
should minimize turbulence and no surface disruptions should occur.
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Table 66. Estimated temperatures (°C) of water pumped into the upper
reservoir of Spring Canyon Pumped-Storage Powerplant under
various surface elevations of Lake Mead.
Month
Mid-May
Mid-Jun
Mid-Jul
Mid-Aug
Mid-Sep
Mid-Oct
Mid-Nov
Mid-Dec
Mid- Jan
Mid-Feb
Mid-Mar
Mid-Apr
Lake
1175-1210
13
13
13
13
14
14-15
15
14
12
11
11
12
Mead Surface Elevations (Range i
1150-1179 1125-1149
13
14
14
14
15
16
15-16
15
13
12
12
12
14
14-15
15
14-15
15-17
16-17
16-17
15
13
12
12
12
1100-1124
15
15
16
16-17
17-18
17-18
17
15
13
12
12
13
n ft)
1075-1099
15-17
16
18
18-19
18-19
18-19
16-17
15
13
12
12
13
1050-1074
17-19
16-19
20
19-21
19-24
19-20
18
15
13
12
12
14
Range 11-15 12-16 12-17 12-18 12-19 12-24
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The effects of large volumes of water (up to 27,000 F3/s or 765 m3/s)
being returned to Virgin Canyon at some 20 ft/s (6.1 m/s) during generating
modes are difficult to predict. Several questions must be addressed,
including: 1) will flows be great enough to disturb surface waters? 2)
will thermal stratification be altered in Virgin Canyon? 3) will extensive
mixing of hypolimnetic, metalimnetic, and epilimnetic waters result? If
the answer is yes to these questions, then impacts on the ecology and human
use of Virgin Canyon are probable. Much may depend on the final designs
for the inlet-outlet structure. Extensive physical modelling of water
movements with several inlet-outlet designs should be performed before final
construction. More studies will be needed on the potential benefits of
whole canyon mixing compared to down-side risks.
Regarding question number one above, the Hydrology Branch of the Bureau
of Reclamation, Boulder City, Nevada, noted a number of variables that would
influence the extent of visible surface effects as follows: distance of
the outlet from a rigid boundary; water cover over the outlet; the angle
with the horizontal of the outlet; initial buoyancy of the water jet; strati-
fication of water in Virgin Canyon; and, wave effects in a narrow canyon
caused by displacement of water due to rapid start-up of the turbines.
If the centerline of a water jet trajectory does not encounter a rigid boun-
dary (such as a canyon wall) for considerable distance, the water jet should
have no effect on the free surface.
Water cover over the outlet will vary with Lake Mead elevations.
Present Lake Mead elevations would allow for some 200 ft (61 m) of water
cover over the proposed outlet, though elevations for the life of the project
could conceivably result in as little as 50 ft (15 m) of water cover, though
cover of less than 83 ft (25 m) is projected to occur less than 25 percent
of the time after the year 2040. However, to assure a non-disturbed surface
in Virgin Canyon, it would be necessary to direct outward flows towards
the horizontal plane with velocity caps. Velocity caps would act to reduce
jet velocities and thereby minimize the potential for creating hazardous
conditions for Lake Mead recreationists in Virgin Canyon.
During most years, the Spring Canyon inlet-outlet structure should
be well within hypolimnetic waters of Lake Mead. During late spring, summer,
and early fall, it is quite probable that source water from the forebay
will be a few degrees higher in temperature than the hypolimnial waters
of Virgin Canyon. Thus, a density current could develop into an "interfl'ow1"
similar to the interflows resulting from Colorado River inputs into Lake
Mead. The warmer, lower density water should rise within the hypolimnion,
seeking ambient water with equal density and temperature. The extent of
potential movement into the metalimnion would depend much on the extent
of solar heating of upper waters in the forebay. Hypolimnial waters in
Virgin Canyon generally range from 12.1 - 20.5 °C during May through October
(Table 65), though temperatures 16 ° or less are rarely, if ever, found
above 82 ft (25 m) depths during these months. All Lake Mead elevations
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— of 1,083 (330 m) or greater would result in an outlet position at 82 ft
(25 m) or greater beneath the surface waters. Approximate maximum depths
where 16 °C water is located during May through October are as follows:
_^ May, 82 ft (25 m); June, 82 ft (25 m); July, 85.3 ft (26 m); August, 114.8 ft
(35 m); September, 124.6 ft (38 m); October, 147.6 ft (45 m). If water
in upper layer of the forebay reached 16 - 19 °C during these months, density
currents resulting in Lake Mead from forebay outflows would probably settle
somewhere between 55.8 - 82 ft (17 - 25 m) in May,-45.9 - 82 ft (14 - 25 m)
in June, 65.6 - 85.3 ft (20 - 26 m) in July, 68.9 - 114.8 ft (21 - 35 m)
in August, 68.9 - 124.6 ft (21 - 38 m) in September and 68.9 - 147.6 ft
(21 - 45 m) in October. During periods of stable thermal stratifications
(June through September) all these depths are below the metalimnion and
flows of 16 - 19 °C water moving horizontally through Lake Mead would not
__ likely invade the lower density waters of the metalimnion. In May and
October, metalimnions are weakly present. Density currents originating
from forebay outflows could reach upper, sunlit waters in Lake Mead during
May and October. Surface temperature reached only 19.8 °C and 20.1 °C for
•" May and October respectively, in this study. During November through April,
there is little evidence of thermal stratification and greater diffusion
of water flows from the forebay throughout water columns in Lake Mead is
— expected. However, evidence for deep density currents during November through
March in upper Lake Mead originating from Colorado River inputs may provide
further clues to potential water movements during Spring Canyon generating
__ modes. Surface cooling of waters in the forebay may occur at a faster rate
during winter compared to the larger water body of Lake Mead which would
lead to releases of water slightly cooler than ambient waters near the outlets
in Virgin Canyon. This would result in a deep density current, at least
during December and January. With increasing day length and solar radiation
during February through April, surface waters in the forebay may be warmer
"~" than ambient water around the outlet structure in Virgin Canyon. Thus,
_ outflows may rise and could conceivably reach near-surface waters in April.
If mixing of forebay outflows with near-surface waters in Virgin Canyon
and other nearby Lake Mead waters becomes a viable mitigation option, without
benefit of a vertical discharge for reasons noted earlier, the months of
r~ April, May and October appear to be periods of greatest opportunity. Deep
water flows may be the rule during winter, and currents contained beneath
metalimnions appear most likely during June through September.
Density currents in Lake Mead resulting from Colorado River inflows
are apparently far reaching, and this should be considered in any discussion
_^ of potential density currents created by Spring Canyon powerplant operation.
"""" Also, flows into Virgin Canyon during high power plant activity periods may
be greater than average flows of the Colorado River above Lake Mead for much
of the year. Colorado River density currents have been tracked all the way
>~~ down into Boulder Basin, which covers most of the east to west distances
of Lake Mead (Anderson and Pritchard 1951). Since Glen Canyon Dam was comple-
ted in 1963, density currents usually extend at least to Boulder Canyon
«. (Paulson et al. 1980). Circulation cells usually form to replace water
diverted downlake by entrainment of water along flow boundaries. When "inter-
flows" exist (see previous discussion), circulation cells form both above
and below the density current. Water tends to move in opposite directions
r
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to the density current (i.e. upstream) both in the epilimnion and hypolimnion.
Also, some deep upwellings of water have been reported near the upstream
entrance to Boulder Canyon as downstream currents are "squeezed" into the
narrow canyon. All these phenomena could be possible if Spring Canyon flows
-w- create density currents in Lake Mead. Water flowing down into Virgin Canyon
i~- may split and flow both upstream and downstream. Upstream flows would meet
downstream Colorado River currents and considerable upwelling could result
in Virgin Canyon. Both upstream and downstream flows may be expected to
induce "circulation cells" that move waters in directions opposite that
of the density current. These forces, taken together, may indeed facilitate
some mixing of waters in Virgin Canyon, even during summer months. Also,
as distance from the outlet structure increases, velocities of density curr-
— ents will diminish, and diffusion with surrounding waters will increase.
Perhaps greatest mixing and blending of Spring Canyon outflows with Lake
Mead waters will occur far from Virgin Canyon.
Overviews of surface temperatures of Lake Mead, providing clues to areas
of potential upwelling and mixing, is best be obtained from satellite imagery.
Figure 41 compares surface temperature over the entire Lake Mead water surface
•""" in September 1986. These data were developed by the Bureau of Reclamation's
Environmental Sciences and Remote Sensing Sections. Color patterns are
associated with various temperature regimes. For example, purple indicates
temperatures less than 19.5 °C, blue 19.5 - 20.8 °C, light blue 20.9 21.3 °C,
green 21.4 - 21.8 °C, yellow 21.9 22.2 °C, orange 22.3 - 22.7 °C, and red
>^  22.8 °C. Cool waters (blue) are seen above Iceberg Canyon, in and above
I- Virgin Canyon, and in Virgin Basin (Figures 5 and 41). These apparent
"upwellings" may result from wind driven mechanisms (most probable for Virgin
Basin and lower Gregg Basin) or surfacing of Colorado River density currents.
Baseline, satellite information of this type is recommended prior to operation
._. of the Spring Canyon Plant, followed by satellite imagery made during
operation to verify water movement predictions. This would be an efficient
methodology for detecting potential lake-wide physical changes in Lake Mead
from pumped storage operation.
Offshore flows emanating from the Ludington Pumped-Storage Power!ant
,»- on Lake Michigan were monitored in 1978 to determine the extent of the zone
I of influence resulting from generation mode activity (Listen et al. 1980).
These data, though not directly applicable to the Virgin Canyon situation,
, ^  nevertheless provide clues to potential water mass movements and associated
P offshore velocities. At approximately 200 ft (61 m) in front of the outlets,
water velocities expressed as percentage frequencies of several velocity
intervals were as follows:
t
I ,"~-j
Veloci ty Interval (cm/s)
r 0-12.5 12.5-25 25-50 50-75 <75
| ~ 2.8% 22 .2% 30% 8.3% 36.1%
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Figure 41. Aerial interpretation of surface temperatures in Lake
Mead in September, 1986, using satellite imagery. Purple
= <19.5 °C; blue = 19.5 - 20.8 °C; light blue = 20.9 -
21.3 °C; green = 21.4 - 21.8 °C; yellow = 21.9 - 22.2 °C;
orange = 22.3 - 22.7 °C; and, red = _> 22.8 °C.
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Velocities ranged from 0.3 - 5.4 ft/s (10 - 163 cm/s) depending upon the
level of powerplant activity. Many readings (36.1 percent) were over 2.5
ft/s (75 cm/s), though most (55.6 percent) readings fell below 1.6 ft/s
(50 cm/s). Farther off shore, approximately one-half mile (805 m), water
currents had slowed significantly and ranged from only 0.1 - 0.4 ft/s (2.5
- 12.8 cm/s). The physical conditions under which these current velocities
were determined were outlined earlier in the discussion of water movements
during pumping activities. The low current velocities approximately one-half
mile from the Ludington plant were not different from ambient water velocities
created by natural, along-shore water movements in Lake Michigan (Listen
et al. 1980; Listen and Tack 1976). No evidence of distinct density currents
was found in Lake Michigan, due to the near identical thermal regimes of
the Ludington forebay and nearby Lake Michigan.
Dissolved Oxygen
The annual range in dissolved oxygen concentrations in Virgin Canyon,
5.1 -11.5 ppm considering all depths, indicates that ample oxygen exists
for aquatic life during all seasons and is also indicative of an oligotrophlc
system. Wetzel (1975) notes that oxygen is generally present all the way
to the bottom in oligotrophic lakes during all seasons, and as lakes become
more productive, dissolved oxygen can become depleted in hypolimnial waters
during thermal stratification periods. Though oxygen deficits (<100 percent
saturation) regularly occur in deeper waters of Virgin Canyon, and sometimes
throughout the water column during early winter, at no time was there an
oxygen depletion. The 5.1 ppm minimum occurred only within deepest layers
of water for only three months (September through November), and was above
the 5.0 ppm generally recommended level for maintaining healthy fish popula-
tions (Brungs 1977).
Supersaturated oxygen levels were common in Virgin Canyon, especially in
shallow waters (saturation levels were corrected for altitude, after Mortimer
1956). During February through April, oxygen ranged from 9.9-11.5 ppm consi-
dering all depths, which represented saturation levels of 97-115 percent.
Oxygen in the entire water column during April indicated supersaturated
conditions throughout (111-115 percent). During February through April,
nearly complete vertical circulation of water throughout Lake Mead occurs
due to lack of density gradients. Low water temperature results in greater
solution of oxygen at air-water interfaces and unhindered vertical circulation
assures that high dissolved oxygen levels are maintained throughout the
water column. Further, early spring algal productivity with accompanying
oxygen production may account for the slightly supersaturated conditions
found at all depths in April.
During May through October, which covers the period of development of
thermal stratification (May), through generally stable stratified conditions
(June through September), and finally breakup of stratification (October),
supersaturated oxygen levels occurred each month primarily in the top 196.8 ft
(60 m) of the water column. Depths where 100 percent or greater oxygen
saturation occurred consistently decreased with time. In May, 100 percent
or greater oxygen saturation occurred down to 196.8 ft (60 m). By October,
only the
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~ top 16.4 ft (5 m) contained these saturation levels. During May through
October, the deeper waters generally developed oxygen deficits. Minimal
oxygen concentrations were found between 262.4 - 344.4 ft (80 105 m) during
>—•• this period, resulting in saturations of only 73 percent as early as May.
This fell consistently to reach a minimum of 51 percent by October at bottom
depths. Lack of mixing with water from the sunlit, trophogenic zones, and
respiratory demands from decomposition of organic matter raining down into
the hypolimnion, must account for these low saturations. However it appears
that organic matter production and subsequent decomposition in Lake Mead
are not enough to create levels of 50 percent or less oxygen saturation
— in Virgin Canyon.
In November, oxygen levels in near-surface waters dropped slightly
from October levels, perhaps reflecting greater vertical mixing and thus
blending of less oxygenated, deeper waters with more highly oxygenated near
-surface waters. Nowhere within the water column was 100 percent oxygen
saturation reached and, depths below 278.8 ft (85 m) maintained relatively
~~ low oxygen saturations (minimum = 51 percent) indicating that vertical mixing
had not yet influenced these deepest zones.
Oxygen concentrations during December and January varied within in the
narrow range of 8.2-9.7 ppm considering all depths. This represented satura-
tion levels of 85-92 percent, again reflecting substantial blending of
Virgin Canyon waters through vertical mixing. Apparently, these slight
winter deficits are not removed until February, when saturation levels _>.
100 percent again appear.
Under normal, annual patterns of stratification and de-stratification
.___ in Virgin Canyon, oxygen levels should never be below 7.0 ppm in waters
near the Spring Canyon intake-outlet. Considering the range of potential
Lake Mead elevations from 1,050 to 1,210 (320.1 - 368.9 m), oxygen concen-
trations of intake water should range between 7.0 and 11.0 ppm (Table 67).
No important effects on dissolved oxygen in Virgin Canyon from the Spring
Canyon plant are anticipated. Even if some disruption of thermal stratifica-
tion should occur in Virgin Canyon, oxygen levels are adequate in the hypolim-
nion so that any induced mixing of waters throughout the water column
would not result in any critical lowering of oxygen content at any depth.
Two phenomena in the forebay could result in some lowering of dissolved
oxygen in deep waters. Inundated organic matter within the forebay basin
,__ during initial filling could result in considerable near-substrate deficits
of oxygen from organic decomposition. Given the sparse nature of the desert
vegetation of Spring Canyon, it is very unlikely if .this would have any
overall influence on forebay oxygen concentrations, however. Secondly,
~ it is expected that some organic matter will be imported into the forebay
with each pumping cycle. Some fish will be entrained and killed during
turbine passage, as well as smaller forms of aquatic life (i.e. plankton
"- and perhaps some larger aquatic invertebrates) and this material would settle
out somewhere along the bottom of the forebay. Decomposition will require
dissolved oxygen. However, unless pockets of stagnation areas develop on
the bottom of the forebay, the daily water movements (which may "cycle"
j the reservoir completely every 2 weeks; see previous discussion) containing
relatively high levels of dissolved oxygen (Table 67) should prevent any
oxygen depletion.
r
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Table 67. Estimated quantities of dissolved oxygen (ppm) in water
pumped into the upper reservoir of Spring Canyon Pumped-
Storage Powerplant under various surface elevations of
Lake Mead.
Month
Mid-May
Mid-Jun
Mid-Jul
Mid-Aug
Mid-Sep
Mid-Oct
Mid-Nov
Mid-Dec
Mid- Jan
Mid-Feb
Mid-Mar
Mid-Apr
Lake
1175-1210
8.8
-1
7.0
7.1
7.6
7.2
8.6
9.2
9.4
11.0
10.5
10.7
Mead Surface Elevations (Range i
1150-1174 1125-1149 1100-1124
8.9
-
7.4
7.2
7.4
7.9
9.1
8.9
9.2
10.5
10.4
10.7
9.1
-
7.3
7.1
7.5
8.1
9.1
8.5
9.2
10.3
10.2
10.6
9.3
-
8.2
7.6
8.2
8.0
9.0
8.6
9.1
10.3
10.3
10.5
n ft)
1075-1099
9.0
-
8.2
8.2
8.4
7.5
8.6
8.5
9.2
10.2
10.3
10.5
1050-1074
9.6
-
8.2
8.1
8.2
7.9
8.9
8.5
9.2
10.4
10.5
10.8
Data not available
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rpH values in Virgin Canyon ranged form 7.3 - 8.5, well within the general
range of 6-9 observed for the majority of open lake systems (Wetzel 1975).
Upper water (0 - 32.8 ft, or 0 - 10 m depth) exhibited a predictable, slight
increase in pH during May through September, as primary productivity levels
increased. Gradual, slight declines in pH within hypolimnetic depths during
these months are indicative of tropholytic zones in deep lakes where organic
decomposition rates are dominant over photosynthetic production rates.
The small declines in pH in deep waters of Virgin Canyon are illustrative
of an oligotrophic system (Wetzel 1975). The nearly uniform pH values throug-
hout the entire water column during January through March is testimony to
extensive, vertical mixing processes in Lake Mead during this period.
pH values are not expected to change significantly in Virgin Canyon
with operation of the Spring Canyon plant. If plant operation induced exten-
sive vertical mixing at lowered Lake Mead water levels, pH during May through
October would probably be slightly lower in shallow water and slightly higher
in deeper water than now observed, due to increased blending of shalldw
and deep waters. Since vertical mixing is already extensive in winter,
no elevation of pH would be expected during those months. Shallow and deep
water pH levels are similar enough that no detrimental effect on biological
processes attributable to this parameter is expected through any increased
mixing.
Expected pH values for intake water in Virgin Canyon should range from
7.4 - 8.3 over the range of potential Lake Mead elevations (Table 68).
pH values of 8.0 - 8.3 are expected September through April, while pH below
8.0 should dominate during May through August. pH throughout the forebay
should be similar to these levels, and water cycled back to Virgin Canyon
during generating modes should have comparable pH levels thereby posing
no biological problems. If pockets of stagnation should develop within
bottom depths of the forebay, pH could conceivably decrease from organic
decomposition processes, but this does not appear probable.
Conductivity and Salinity
Conductivity (specific conductance) is a measure of the resistance of
lake water to electrical flow (Wetzel 1975). If the content of ionized
salts (salinity) is increased, the resistance to electron flow is decreased.
Conductivity (specific conductance) is defined as the reciprocal of the
resistance of a solution and may be expressed as umhos cm~l (reciprocal
of ohms). If values of conductivity measurements increase, it may be inter-
preted that the total content of ionized salts in solution have also increa-
sed. Changes in specific conductance should reflect changes in concentration
(mg/1) of major salinity ions in a proportional manner ( Otsvki and Wetzel
1974). The total salinity generajly is comprised of the cations Ca++, Mg++,
Na+ and K+, and anions HC03", C03=, S04= and Cl~ (Wetzel 1975).
Considering Gregg Basin, Virgin Canyon and Temple Basin of Lake Mead,
conductivity ranged between 694 - 856 [jmhos cm~l throughout all depths during
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Table 68. Estimated pH (standard units) of water pumped into the
upper reservoir of Spring Canyon Pumped-Storage Power-
plant under various surface elevations of Lake Mead.
Month
Mid-May
Mid-Jun
Mid-Jul
Mid-Aug
Mid-Sep
Mid-Oct
Mid-Nov
Mid-Dec
Mid-Jan
Mid-Feb
Mid- Mar
Mid-Apr
Lake Mead Surface
1175-1210 1150-1174
7.4
7.5
8.2
7.7
8.0
7.9
8.1
8.1
8.3
8.3
8.2
8.2
7.5
7.5
8.2
7.8
8.0
8.1
8.2
8.1
8.3
8.2
8.2
8.2
Elevat ions
1125-1149
7.5
7.5
8.2
7.8
8.0
8.2
8.2
8.1
8.3
8.2
8.2
8.2
(Range in
1100-1124
7.5
7.5
8.2
7.8
8.1
8.2
8.3
8.1
8.3
8.2
8.2
8.1
f t )
1075-1099
7.7
7.6
8.2
7.9
8.1
8.2
8.3
8.1
8.3
8.2
8.2
8.1
1050-1074
7.8
7.8
8.3
7.8
8.2
8.2
8.3
8.1
8.3
8.2
8.3
8.1
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May 1986 through April 1987. This compares to a slightly wider range of 688 -
873 umhos cm~* determined for the Colorado River over the same time period,
where it enters Lake Mead (Columbine Falls; Figure 5). In Virgin Canyon,
the area of major interest to this study, conductivity ranged between 695 -
844 umhos cm"1. The most interesting vertical pattern in conductivity was
a noted decrease in this parameter beginning near the metalimnion and
continuing to about 98.4 ft (30 m) depth, followed by a recovery to near
surface values at greater depths. This pattern was evident mainly during
thermal stratification periods (June through September) though evidence
for this continued into October and November. It is suggested that Colorado
River density currents characterized by conductivities ranging from 705 -
775 umhos cm"1 (noted at their source, at Columbine Falls Station) acted
to decrease conductivities mid-water in Virgin Canyon at this time. Thermal
profiles indicated the existence of the density currents at comparable depth
also. Low conductivity at bottom depths in Virgin Canyon during December
through February (712 - 730 umhos cm"1) corresponded to lowest, annual conduc-
tivities measured at the Columbine Falls Station. Again, this is interpreted
as evidence for influence of Colorado River density currents on limnological
conditions in Virgin Canyon. In March, a reversal took place and highest;
conductivities within the vertical profile occurred toward bottom depths
(umhos cm"1). Again, deep Colorado River currents may have been involved,
for Colorado River conductivity in March was increasing and deep water
currents were inferred from temperature data at that time. During April
conductivity was fairly consistent throughout (731 - 749 umhos cm"1) indica-
ting well mixed conditions in Virgin Canyon. Relatively low average flows
of the Colorado River at this time (approximately 13,000 ft3/s, or 368 m3/s)
may have slowed flows enough to allow for greater mixing of river and lake
water upstream, resulting in similar conductivities surface to bottom in
Virgin Canyon.
Estimates of conductivity characteristics of source water for the pro-
posed Spring Canyon forebay are given for various lake level regimes in
Table 69. Considering all elevations shown, the range of conductivities
expected are 697 - 820 umhos cm"1, although values should be 720 - 780 um'hos
cm"1 some 70 % of the time. In general, values below 750 umhos cm"1 would
dominate during September through April while values above this may generally
be expected May through August.
Conductivity levels of the Colorado River at its entrance to Lake Mead
(Columbine Falls Station) were commonly greater, and lesser, than maximum
and minimum levels observed in Virgin Canyon depending upon the month.
Apparently, through blending with lake water, the integrity of Colorado
River inflows is lessened with respect to dissolved ionized salts by the
time flows reach Virgin Canyon. This may be especially true during low
flow conditions. For example during March and April, 1987, Colorado River
inflows exhibited conductivities of 861 - 873 umhos cm"1, although maximum
levels in Virgin Canyon were only 749 -760 umhos cm"1. Flows in the Colorado
River were the smallest for this two-month period (average monthly flows
ranged 12, 460 - 13,180 ft3/s, or 353 - 373 m3/s compared to 42,440 ft3/s
or 1,202 m3/s in May, 1987, and 18,410 - 33, 640 ftVs or 521 - 953 m3/s
during June, 1986, through February, 1987).
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Table 69. Estimated conductivity (umhos/cm) of water pumped into
the upper reservoir of Spring Canyon Pumped-Storage Power-
plant under various surface elevations of Lake Mead.
Lake
Month 1175-1210
Mid-May
Mid-Jun
Mid-Jul
Mid-Aug
Mid-Sep
Mid-Oct
Mid-Nov
Mid- Dec
Mid-Jan
Mid-Feb
Mid-Mar
Mid-Apr
817
766
819
803
750
738
752
748
740
730
733
735
Mead Surface Elevations (Range i
1150-1174 1125-1149 1100-1124
820
748
812
785
728
707
740
760
756
744
732
742
813
730
779
764
711
704
746
773
760
758
733
749
805
716
739
744
700
710
750
780
761
767
736
731
n ft)
1075-1099
807
710
739
730
697
720
757
780
762
764
736
731
1050-1074
810
717
792
735
719
739
780
780
764
762
743
733
167
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The observed relationship of flow levels of the Colorado River at Colum-
bine Falls Station to variations in total dissolved ionic amounts per volume
is noteworthy. During relatively high flows of May and June, 1986, conduc-
tivity appeared steady at 770-775 umhos cm~l. After July, when flows dimin-
ished, conductivities generally varied inversely with flow conditions throug-
hout August 1986, to April 1987. For example, conductivity dropped to 688 -
696 umhos cm~l during December and January when flows averaged 24,520-26,440
ft3/s (694 -749 m3/s) but reached maximum annual values of 861^ 873 umhos
cm'1 during the low flows of March and April (13,180 - 13,460 ft3/s, or
373 - 381 m3/s).
Estimates for total salinity in Virgin Canyon, determined by adding
values for all major ions, ranged from 492 - 602 mg/1 considering all dates
and depths sampled (Table 70). Most values (75 %) fell within 521 -560 mg/1.
The overall average was 546 mg/1. Approximate proportions of the major
ions comprising total salinity were: Na, 11.1 %; K, 0.7 %; Ca, 12.2 %;
Mg, 4.3 %\3, 0.3 %; HC03, 29 %; Cl, 8.8 %; $04, 33.6 %. Ranges of
concentrations (mg/1) exhibited by the major ions were as follows: Na,
52.9 - 73.6; K, 2.3 - 7.8; Ca, 60 - 71.8; Mg, 19.5 - 25.5; C03, 0 - 21.6;
HC03, 114.7 - 180; Cl, 34.8 - 60.4; and S04, 170.4 - 232.8.
The above data present levels of salinity that should be observed in
water pumped into the forebay of the Spring Canyon power plant. No altera-
tions of these parameters are expected as water passes through enclosed
penstocks and turbines, enroute to the forebay during pumping activities.
The new reservoir forebay, prone to frequent fluctuations of over 50 vertical
ft (15.2 m), and characterized by extensive water movements will result
in dissolution of some salts from exposed substrates, however.
Salinity increases in the Colorado River, both from natural and man-
induced causes, have been of major concern the past two decades. The Colorado
River provides water supplies for some 17 million people for municipal, indus-
trial or agricultural uses. However, the river carries some 9 million tons
of salt annually past Hoover Dam, which caused an estimated $91 million in
damages to water users in 1983 alone (Colorado River Quality Office 1984).
Salinity concerns reached greater national concern in 1974 with passage of
the Colorado River Basin Salinity Control Act, Public Law 93 - 320, which
authorized construction and studies on salinity control units within the
river basin. Salinity control is deemed necessary, for projections are for
salinities to gradually increase with completed development and use of all
water allocation within the entire basin, although excess flows of recent
years in conjunction with completed reservoir storage capacity have diluted
salinities in the Lower Basin where levels have actually decreased (Trueman
and Miller 1984). For example, salinities at Imperial Dam, the final diver-
sion point on the Colorado River in the United States, dropped from an average
annual of 825 mg/1 in 1982 to about 725 mg/1 in 1983. More recent data show
continued salinity decreases at Imperial Dam in 1984 (675 mg/1), 1985
(606 mg/1) and 1986 (580 mg/1). However, data from 1987 show a reversal
and salinities of slightly more than 625 mg/1 occurred during summer. The
salinity at Imperial Dam is projected to reach about 963 mg/1 by the year
2010 (U.S. Bureau of Reclamation, Colorado River Water Quality Office,
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Table 70. Monthly total salinity (mg/1) and conductivity (umhos cm~l) at five depths in Virgin
Canyon, Lake Mead, during May, 1986 through April, 1987.*
Month
Depth (m) May
Total
Salinity ^
Conductivity
0
10
20
40
70
0
10
20
40
70
552
560
574
578
566
810
810
810
810
810
Jun
562
549
514
551
569
781
755
713
730
765
Jul
577
559
532
543
596
842
808
748
779
824
Aug
570
550
526
551
522
831
784
732
761
808
Sep
556
602
535
550
596
770
774
704
715
760
Oct
533
552
560
528
560
752
753
734
703
759
Nov
537
530
545
526
562
783
783
780
750
752
Dec
535
542
523
546
492
770
780
780
780
740
Jan
538
539
538
545
506
764
762
764
758
721
Feb
544
556
560
556
538
760
760
762
759
722
Mar
539
527
528
520
526
745
744
743
733
741
Apr
547
533
538
561
534
738
733
732
749
733
Range
533-577
527-602
514-574
520-578
492-596
745-842
733-810
704-810
703-810
721-824
2 Total salinity determined by adding the amounts (mg/1) of the following ions: Na, K, Ca, Mg,
C03, HC03, Cl and $04.
1 Salinity data from laboratory analysis completed on samples brought in from Lake Mead.
rDenver). In general, total dissolved solids increase from about 50 rng/1
at the headwater to approximately 800 mg/1 (1977-1981 average) at Imperial
Dam (Mueller and Moody 1984).
Paulson and Baker (1983) have noted that the principal ions of the
Colorado River were altered by dissolution, precipitation and evaporation
processes within Colorado River impoundments. Evaporation from reservoirs
has the general effect of increasing dissolved solids (Gloss et al. 1980)
but this effect is apparently small compared to salt dissolution processes
(Paulson and Baker 1984). Regarding lake Mead, apparently the dissolution
of gypsum deposits (CaSO/^) within inundated areas (Muddy Creek geological
formation; Longwell 1936) increased loads of calcium and sulfate in the
reservoir, although only some 22 acres of exposed salt outcroppings were
present in the reservoir floor before inundation (U.S. Department of Interior
1950). Predictions were that dissolution of salts would diminish as the
reservoir aged, and data from Paulson and Baker (1984) tend to support this.
For example, estimated annual rates of gypsum dissolution decreased from
an average of 123 mg/1 during 1935-1948, to 75 mg/1 during 1951-1960 and
37 mg/1 during 1970-1979. Average rates of halite (Nad) dissolution de-
creased from 19 mg/1 during 1935-1948 to 3 mg/1 during 1951-1960 (Paulson
and Baker 1984). These authors also point out that activities of sulfate
reducing bacteria, which convert sulfate ion to hydrogen sulfide under anaero-
bic conditions, which then combines with iron to form iron sulfide precipi-
tates, function to offset some of the increases in sulfate from dissolution
of gypsum. Sulfate reduction could possibly decrease sulfate concentration
in the outflow from Lake Mead by some 8 mg/1 (Paulson and Baker 1984).
Increases in ion concentrations from evaporation and dissolution of
salt deposits in reservoirs may be partially offset by precipitation of cal-
cium carbonate, or calcite. Calcite is precipitated into sediments with in-
creasing photosynthetic activity, which tends to increase pH. Apparent-
ly, in newly formed Lake Mead, rates of annual calcite precipitation during
1935-1960 averaged about 47-48 mg/1 (Howard 1960; Paulson and Baker 1984).
With decreasing phytoplankton productivity . attributable to reduction' in
phosphorus loadings, calcite precipitation has decreased and was estimated
at 15 mg/1 per year during 1970-1979 (Paulson and Baker 1984).
All the above salinity related processes, i.e. evaporation, dissolu-
tion of salts, calcite precipitation, and activities of sulfate reducing
bacteria may be expected to operate to some degree in the new forebay reser-
voir of the Spring Canyon Pumped-Storage Powerplant. In addition, direct
erosion of substrates through wave action on exposed shorelines, water level
fluctuations, and agitation of deep water substrates by water currents may
dislodge salt-bearing soils and contribute to the salinities in Virgin Canyon
(French and Woessner 1983).
The soluble salt content of various soils in the floor of the proposed
Spring Canyon forebay was recently analyzed by distilled water extraction
methods (Tuma 1987). During that study, 35 near-surface soil samples from
various locations considered representative of existing geological units
contained a range of 0.09 to 7.11 % soluble salt by weight. However, most
samples (79.4 %) indicated a salt content of less than 0.3 %. The median
salt content, perhaps a more representative measure than the mean because
of skewness of the data (Clarke 1969), was 0.215 %. If it is assumed that
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for every kilogram of soil in the floor of the forebay there exists approxi-
j?»^  mately 2.15 g of soluble salt, and that a cubic meter of soil may weigh
approximately 1,720 kg (French and Waessner 1983), then an approximate value
of total soluble salt content within a one meter depth of the floor of the
Spring Canyon forebay can be estimated. A 1,820 surface acre reservoir
~ (736.5 hectares), assuming a similar floor area, covers some 7.365 X 106 m2,
and going down one meter into the soil indicates some 7.365 X 10^  m3 of soil
volume. This would contain about 2.651 X 107 kg of soluble salt, or 29,222
tons (3.6 kg of soluble salt per cubic meter of soil, multiplied by 7.365
X 106 m3 of soil).
Through dissolution of surface salts, infiltration of water into sub-
strates with subsequent dissolution of subsurface salts and entry of dissolved
salts into forebay water (especially from frequent bank storage during reser-
voir fill-up and subsequent release of "bank-stored" water following drawdown
.— during generating cycles), and erosional processes, a portion of the total
soluble salt within the first meter of floor soils will undoubtedly contribute
to the total salinity of Lake Mead. What percentage would be removed is
— not known, but for calculation, let it be assumed that all soluble salts,
within the first meter of forebay floor soils is removed and contributed
to Lake Mead. Further, as a worst case, assume that this happens shortly
_ after the forebay is first filled (a highly unlikely event). Under these
assumptions, about 2.651 X 107 kg (29,222 tons) of dissolved. salt would be
released into Lake Mead. At a Lake Mead elevation of 1>204S the increase
in total salinity of Lake Mead would be only some 0.8 - 0.9 nig/1 (2.651 X
1013 mg, 3.032 X 1013 1). This increase at a Lake Mead elevation of 1,125,
would be only 1.4 - 1.5 mg/1 and at elevation 1,088, only 1.9 mg/1. Given an
"""" average Lake Mead salinity of about 550 mg/1, additions of dissolved salt to
__ Lake Mead, under the above assumption, would constitute an increase of only
0.015 - 0.035 %. It is most likely that the increase would be much less
than this for any year, because dissolution of salts would not be immediate
but should occur slowly. Also, some precipitation of calcite, and perhaps
~~ some action by sulfate-reducing bacteria would tend to offset the overall
net gain in dissolved salts. In general, the.potential for negative impacts
from dissolution of salts in the Spring Canyon forebay, based upon the data
.— now available on soluble salt content of the forebay soils, is considered
very low.
Water Transparency and Light Penetration
" Secchi disc readings are approximate indicators of water transparency,
and are a function of the reflection of light off the Secchi disc surface.
Readings are affected by absorption characteristics of the water as well
— as dissolved and particulate matter (Cole 1975; Wetzel 1983). Secchi disc
readings in Virgin Canyon were relatively low during May through September,
varying from 8.2 - 19.7 ft (2.5 - 6.0 m). It is believed the decreased
water transparency at this time was due to suspended particulate matter
*"" in the form of planktonic algae. Chlorophyll a_ determinations taken con-
currently with Secchi disc readings indicated elevated levels of phytoplankton
standing crops during this period. Increased densities of phytoplankton,
r
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even in oligotrophic waters, create shading effects that reduce water
transparency (Wetzel 1983). Secchi disc readings during October through
April were much higher, ranging from 32.8 - 57.4 ft (10.0 - 17.5 m. This
coincided with a much reduced phytoplankton standing crop, as indicated
by very low chlorophyll a^  values.
Satellite data taken in September, 1986, showed generally high water
transparencies 23.0 - 36.1 ft (7-11 m) over much of the main basins of Lake
Mead, with lower transparencies 11.5 - 23.0 ft (3.5 - 7 m ) seen in Virgin
Canyon and several littoral sites (Figure 42; Bureau of Reclamation Environ-
mental Sciences and Remote Sensing Sections). Lowest transparencies 6.6 ft
or (<2 m), shown in orange and red (Figure 42), are near major inflows such
as the Colorado River, and Virgin and Muddy Rivers of Overton Arm. Satellite
imagery could prove extremely useful for determining the extent of influence
of an operating Spring Canyon Powerplant on Lake Mead in general.
The euphotic zone of a lake is generally thought of as the region from
the surface to the depth at which. 99 percent of the surface light has
disappeared (Cole 1975). Primary productivity of planktonic algae takes
place mainly within the euphotic zone with relatively little production
below. Values for this depth in Virgin Canyon ranged from 34.4 - 45.9 ft
(10.5 - 14.0 m) during May through July, 49.2 - 59.0 ft (15 -18 m) during
October through December, and 52.5 - 62.3 ft (16 - 19 m) during February
through April (light transmittance values were not available for August,
September or January). During the stable thermal stratification periods
of June and July, the euphotic zone penetrated well into the metalimnion.
Production of organic matter through algal photosynthesis is the primary
source for food chain organisms in Lake Mead, and maintenance of a relatively
deep euphotic zone, especially during the most productive months of the year,
is essential for sustaining zooplankton and fish populations. Indeed, algal
productivity rates already indicate advanced oligotrophy in upper basin
waters of Lake Mead, not because of limited light penetration but because of
limited phosphorus availability (Paulson 1987). Care must be taken to assure
that sedimentary materials in the proposed Spring Canyon forebay, or
surrounding construction sites, are not mobilized to any great degree. Fine
sedimentary materials such as clays and silts released into near-surface
waters of Virgin Canyon would tend to diminish water transparency through
increased turbidity, and thus could diminish primary productivity.
Surface soils in the floor of the proposed forebay contained an average
of 20.4 percent by weight of material less than 0.075 mm (75 urn) in particle
size. Much of this size fraction is classified as clay and silt, and is
easily suspended by water currents (Feltz 1980). Cove studies in Lake Mead
have indicated a high content of fine sandy-loam and silty-loam sediments,
and high turbidities resulting from re-suspension of sediments may be limiting
aquatic vegetation growth (Haley et al. 1987). Studies in clear, oligotro-
phic waters elsewhere have shown that very slight increases in turbidity
from clay suspensions can have dramatic effects on depths where submerged
aquatic plants can grow, due to light limitation (Liston et al. 1986).
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Figure 42. Aerial interpretation of water transparency in Lake Mead
in September, 1986, using satellite imagery. Transparency
of <2 m (Secchi disc) is shown by orange and red color,
intermediate values by green, and greatest transparency
is given by black (>10.9 m).
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It may be expected that construction activities would release clays
and silts into Virgin Canyon causing a local decrease in water transparency
and consequent decrease in primary productivity. Though this effect would
be relatively short term, precautions should be taken to minimize erosion
and runoff from disturbed construction sites. Turbulence in the forebay
associated with frequent inflows and outflows, plus frequent water level
fluctuations may cause some long-term problems from re-suspension of sedi-
ments and potential release of these into Virgin Canyon. If return waters
remain below the euphotic zone in Virgin Canyon, little effect on primary
production would be realized. If return flows containing turbidity invade
the euphotic zones prior to or following significant stratification in Lake
Mead, some diminishment of primary productivity may occur. Though this
may be a small fraction of overall Lake Mead primary productivity any poten-
tial diminishment in an already impoverished system must be for acknowledged.
Nutrients and Chlorophyll
Total phosphorus content in Virgin Canyon averaged from 6.4 ug/1 at the
32.8 ft (10 m) depth to 9.4 ug/1 at 229.6 ft (70 m). These low concentrations
meet the criteria for oligotrophic waters of low productivity, as outlined
by several agencies and authors (Allum et al. 1977; Dillon 1975; Larsen
and Mercier 1976; National Academy of Science 1972; US EPA 1974; Vollenweider
1968). Of 55 total phosphorus determinations made in Virgin Canyon,
27.3 percent fell between 1 - 5 ug/1, 58.2 percent between 6 10 ug/1 and
only 14.6 percent were above 10 ug/1. Though total phosphorus is often used
as an aid for predicting the trophic status of lakes and reservoirs, the
biologically available phosphorus (for algal productivity) is more appropriate
for predicting the potential for primary production (Evans and Paulson 1984,
Lee et al. 1980). Soluble reactive phosphorus (ortho-phosphorus) plus a
portion of the particulate phosphorus comprises the biologically available
phosphorus for the phytoplankton. Available particulate phosphorus averaged
about 9 percent of total particulate phosphorus in Lake Mead (Prentki et
al. 1980) and 13 percent in Lower Colorado- River waters (Evans and Paulson
1984).
Dissolved ortho-phosphate comprised a significant amount of the total
phosphorus in Virgin Canyon, and its proportion increased with depth going
from about 29.2 percent at 0 - 16.4 ft (0 - 5 m) to some 50 percent at 229.6
ft (70 m) (overall average = 39.4 percent). Particulate phosphorus ranged
from 28.8 percent to 36 percent of the total phosphorus with no distinct
depth related trends. If 10 percent of the particulate phosphorus is
considered as biologically available in Lake Mead waters, then the following
concentrations represent total average phosphorus available for the depths
sampled
0 - 16.4 ft
0 - 5 m
32.8 ft
10 m
65.6 ft
20 m
131.2 ft
40 m
229.6 ft
70 m
r
3.2 ug/1 2.5 ug/1 3.1 ug/1 3.7 ug/1 5.3 ug/1
An increase can be seen at the 229.6 ft (70 m) depth, representing a range
of increase from 43.2 percent above values at 131.2 ft (40 m) to 112 percent
above values at 32.8 ft (10 m).
174
Since productivity of upper basin waters of Lake Mead has dropped consi-
derably subsequent to closure of Glen Canyon dam in 1963 (Paulson and Baker
1983), it has been suggested that potential mixing of deep and shallow water
j?"*- of Virgin Canyon through operation of the Spring Canyon Pumped-Storage Power-
plant would increase productivity. An increase in phytoplankton productivity
would presumably enhance zooplankton production, producing more food for
forage fish which, in turn, would enhance production and stocks of sportfish,
~ such as largemouth bass and striped bass. This is the general basis and
justification for fertilization experiments recently conducted in Overton
Arm of Lake Mead (Paulson 1984).
As discussed earlier, increased mixing of waters in Virgin Canyon appears
probable during non-stratified periods, though less likely during stratified
_ periods (June through September) without inlet-outlet designs that might
also cause unwanted surface disruptions. Since deep waters in Virgin Canyon
contain elevated levels of available phosphorus, mixing with surface waters
could conceivably increase phytoplankton production. The Upper Basin of
Lake Mead is "phosphorus starved" (L. Paulson, personal communication) and
even a small increase of several parts per billion available phosphorus
(ug/1) may be considered helpful. The small increase of phosphorus in the
_.. euphotic zone would no doubt be used with some assimilation into organic
material. However, no "plankton blooms" may be expected with such small
amounts, nor should significant increases in zooplankton standing crops
be expected. Levels of phosphorus required for development of algal blooms
~ are much higher than those capable of being generated by mixing of bottom
and surface water of Virgin Canyon (Saywer 1947; U.S. EPA 1976).
Recent fertilization experiments in the Overton Arm of Lake Mead
_^ (Figure 5) have shown that the Lake Mead system can indeed respond rapidly
"~ to enhanced phosphorus levels by rapidly increasing primary production
(Paulson 1987). However, total phosphorus levels were artificially increased
from 7 - 1 2 ug/1 to 35 - 40 ug/1, levels many times those possible from
mixing surface and deep waters of Virgin Canyon. Early results indicate
that artificial fertilization increased chlorophyll a^  from some 2 ug/1 to
"^  3 - 1 1 ug/1 during 3 - 1 3 days following fertilization. Interestingly,
this "spike" in productivity was short lived and chlorophyll a^  was back
down to 2 ug/1 within several days of fertilization. The algal increase
— reverberated though the system as nitrate levels plummeted from 150 - 180
ug/1 to less than 20 ug/1, water clarity dropped presumably due to "algal"
turbidity, and there was evidence of increases in nutritional reserves and
_ egg production of zooplankton (L. Paulson, personal communication). This
experiment supports the contention that Lake Mead is "phosphorus starved".
It appears that repetitive additions of fertilizer into the euphotic zones
during the more productive months could enhance food and energy availability
r- for consuming organisms, and quite conceivably could lead to enhanced sport
fishing in Lake Mead without damaging water quality.
r Several conditions may act to slow down any potential increase in primary
j production from either deep and shallow water mixing of volumes containing
: present phosphorus levels, or artificial elevation of phosphorus. Water
returning to Virgin Canyon from a cold forebay reservoir may depress local
p water temperatures, thus slowing metabolic rates and primary productivity
! rates. Also, any increased turbidity caused from potential re-suspension
of fine sediments released into Virgin Canyon could have several effects:
rI
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any increased levels of dissolved phosphorus could adsorb on fine clays
and silts, thus removing a high percentage of the phosphorus from biological
activity, and, increased turbidity would tend to diminish the euphotic zones
of local waters, thus decreasing the amounts of light for photosynthesis.
Total nitrogen levels increased consistently with depth in Virgin Canyon,
with average annual values going from 404 ug/1 at 0 - 16.4 ft (0 - 5 m)
depths to 628 ug/1 at the 229.6 ft (70 m) depth, an increase of some
55 percent. Total nitrogen to total phosphorus ratios from all depths sampled
were as follows:
0 - 16.4 ft
(0-5 m)
32.8 ft
(10 m)
65.6 ft
(20 m)
131.2 ft
(40 m)
229.6 ft
(70 m)
45.4 68.1 81.5 79.9 66.8
These ratios are all much higher than 10, the value above which lake waters
are considered to be phosphorus limited (Chiandani and Vighi 1974; Sakamoto
1966; Smith and Shapiro 1981).
1
Increased total nitrogen with depth results mainly from general increases
in nitrate with depth. Below the euphotic zone (65.6 ft, or 20 m or greater)
nitrate increased rapidly, reaching an average of about 335 ug/1 at 229.6 ft
(70 m), a 134 percent increase over surface water. Nitrate, the form of
nitrogen taken up by plants during photosynthesis, reached lowest levels
in Virgin Canyon at (_<_ 10 m) depth during greatest periods of photosynthetic
activity in June through September ( 2 - 154 ug/1). Annually, inorganic
nitrogen concentrations within the euphotic zone of Virgin Canyon never
reached levels considered necessary for supporting algal blooms (300 ug/1;
Sawyer 1947). At 131,2 - 229.6 ft (40 and 70 m) depths, however, nitrates
often exceeded 300 ug/1. Thus, with potential enhanced mixing of deeper
layers with upper layers, prior to significant thermal stratification, enough
nitrate may be made available for extensive primary production. During
enhanced primary production rates in Overton Arm of Lake Mead, nitrate deple-
tion rates increased from 3 - 1 4 ug/l/day until levels of <20 ug/1 were
reached from beginning nitrate concentrations of 150 - 180 ug/1 (Paulson
1987). It is clear that ample amounts of nitrate must be available for
elevated phosphorus levels to stimulate sustained primary production.
Total Kjeldahl nitrogen (organic nitrogen plus ammonia) comprised approx-
imately 62.8 - 66.6 percent of total nitrogen at j<32.8 ft (^ 10 m) depth,
but this diminished to about 47 percent at 229.6 ft (70 m). Presumably,
processes of bacterial decomposition in the well oxygenated tropholytic
layers of Lake Mead resulted in conversion of organic nitrogen to inorganic
nitrogen (primarily nitrate). Total Kjeldahl nitrogen within the sunlit,
productive zones (mainly_<32.8 ft, or <IQ m depths) were indicative of levels
associated with oligotrophic mesotrophic lake systems (Wetzel 1975).
Ammonia nitrogen concentrations were low ranging from an average of
10.5 - 10.6 ug/1 at £32.8 ft (<IQ m) depths. Values were indicative of
well oxygenated waters of low .productivity (Wetzel 1975).
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No major alteration of phosphorus and nitrogen nutrient concentrations
should occur in the proposed forebay of the Spring Canyon Pumped Storage
Plant. Decomposition of terrestrial vegetation should contribute minimal
amounts of phosphorus and nitrogen given the sparse nature of vegetational
cover now present. There are no point sources of nutrients within the fore-
bay watershed that could elevate nutrient levels. Recalling the relatively
small size of the watershed compared to the proposed volumes of the forebay
(8.83 mi2 compared to 218, 000 acre-ft) and the relatively small "probable
maximum flood" off the forebay watershed (5,500 acre-ft, or some 2.5 percent
of total forebay volume), it is difficult to imagine any nutrient inputs
at levels that could alter trophic status of Virgin Canyon waters. Repeated
inputs of oligotrophic waters from Virgin Canyon alternated with withdrawals
should keep the forebay mixed and well buffered against any potential accumu-
lations of nutrient-laden water.
One potential source of nutrients for the forebay will be organic mater-
ials resulting from entrainment of biota (phytoplankton, invertebrates and
fish). Loss of organisms through entrainment and mortality at pumped-storage
powerplants can be considerable, and concern over the potential resulting
concentration of nutrients has been used for litigation purposes (Ligman
1981; Listen et al. 1981; J. Reynolds, Consumers Power Company, persona1!
communication). The potential for entrainment of Lake Mead organisms will
be addressed later, but, in general, entrainment should be minimized because
of the deep position of the Spring Canyon Powerplant intake in Lake Mead.
Chlorophyll ^  is present in all algae as the primary photosynthetic
pigment (Wetzel 1983), and measures of chlorophyll _a_ concentrations in pela-
gic waters provide indices of phytoplankton standing crops which in turn
can reflect relative productivities of different water bodies. The trophic
status of lakes and reservoirs is often determined by chlorophyll ^analysis
(U.S. EPA 1974). Chlorophyll a^  in Virgin Canyon ranged from <1 to about
4 ug/1, which is indicative of oligotrophic waters of generally low producti-
vity (Dobson et al. 1974; U.S. EPA 1974; National Academy of Science 1972;
Wetzel 1983). These low values result primarily from inadequate amounts
of phosphorus in upper Lake Mead (see earlier discussion).
Paulson (1987), in a recent fertilization experiment in Overton Arm
of Lake Mead (Figure 5), was able to increase chlorophyll a^  levels to 3 -
11 ug/1 by increasing total phosphorus levels to 35 - 40 ug/1. This brief
addition of fertilizer produced a predictable brief spike in productivity
which apparently also aided other trophic levels (L. Paulson, personal
communication). Levels of phosphorus required to push chlorophyll a^  into
near mesotrophic realms are informative in relation to Virgin Canyon. Without
artificial fertilization in Virgin Canyon, there would be little chance to
increase phosphorus levels to any where near the levels reached in Paulson's
fertilization experiments.
The low chlorophyll £ levels in Virgin Canyon may be expected also
in the forebay of the Spring Canyon powerplant. Colder water temperatures
from deep water sources may in fact depress chlorophyll a_ synthesis below
that observed in the euphotic zones of Virgin Canyon during summer months.
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The low chlorophyll £ concentrations found in Virgin Canyon apparen-
tly reflect conditions over much of Lake Mead. Surface chlorophyll a_ levels
during September, 1986, generally fell between 0 - 4 ug/1 over much of Lake
Mead, as can be seen from satellite color imagery data analyzed by the Bureau
of Reclamations' Environmental Sciences and Remote Sensing Sections, Denver,
Colorado (Figure 43). Chlorophyll £ levels above 4 ug/1 were rare, and
were observed only in littoral, cove areas or near inflows such as Las
Vegas Wash in Boulder Basin and Virgin River inputs to Overton Arm
(Figure 43).
Zooplankton
Zooplankton are of high importance in Lake Mead as preferred forage
for larval, juvenile and some adult fish stocks. Threadfin shad, the primary
forage fish in Lake Mead, prefer zooplankton above other foods (Applegate
and Mullan 1969; Gerdes and McConnell 1963). Indeed, zooplankton appear
to comprise the major energy transfer linkages between algal productivity
and fish productivity in Lake Mead.
1
Zooplankton genera and species identified from this study were reported
previously from Lake Mead either by Burke (1977) or Paulson et al. (1980),
with the possible exception of the cladoceran Daphnia ashlandi.
The most outstanding feature of the Virgin Canyon zooplankton was their
concentration in upper canyon waters. Some 63 percent of all zooplankton
were found within the upper 32.8 ft (10 m), while only 2 - 3 percent of
all zooplankton were located within 131.2 - 164 ft (40 - 50 m).
This preference for shallow water was consistent for all three major groups:
Copepoda, Cladocera and Rotifera.
Vertical and seasonal distribution of the zooplankton will influence
greatly the extent of entrainment levels during pumping activities of the
Spring Canyon Powerplant. Though damage to zooplankton associated with
entrainment at pumped storage plants has not been well studied, damage to
other planktonic organisms (i.e. larval fish) has been noted (Liston et
al. 1981) and it may be expected that some zooplankton mortality will occur.
Tseyeb and Zhdanova (1980) found that pumping had a lethal effect on
zooplankton, especially the Rotatoria and large forms of Cladocera. Since
Lake Mead elevations should be above 1,083 (330 m) some 75 percent of the
time in the future, much of the zooplankton in Virgin Canyon should escape
entrainment because of their shallow water preference. Seasonally, the
data indicate that zooplankton numbers in Virgin Canyon are relatively high
during March through July, with greatest peaks of abundance occurring in
April and July. Thus, these months presumably would offer the greatest
chance for extensive entrainment. However, strongly stratified conditions
in July, with the high majority of the zooplankton concentrated in the
epilimnion, should prevent extensive entrainment at this time because of
the proposed deep-water intake.
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Figure 43. Aerial interpretation of surface chlorophyll ^  values
(ug/1) in Lake Mead in September, 1986, using satellite
imagery. Black = 0-2; purple = 2 - 4; blue = 4 - 6; light
blue = 6 - 8 ; dark green = 8 - 1 1 ; green = 11 - 14; yellow
= 14 - 17; orange = 17 - 20; red = 20 - 30.
ri
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This appears to be generally true over much of the five month period of
greatest zooplankton standing crops. However, though winter time decreases
in standing zooplankton crops may suggest that entrainment impacts would
be minimized then, the non-stratified and mixing conditions existing at
that time would tend to subject a greater portion of local zooplankton
populations to entrainment.
When considering the potential effects of pumped storage operation
on planktonic organisms, some discussion of relative volumes of water subject
to cycling through pump-turbines appears warranted. This will be useful
for larval fish considerations as well as zooplankton. The immediate
environment of Lake Mead subject to potential impacts from the Spring Canyon
plant is Virgin Canyon. From hydroacoustic studies made recently when Lake
Mead elevations were 1,206 - 1,210 ft or 367.7 368.9 m (Biosonics 1987),
the volume contained within a 4.05 mi (6.75 km) stretch of Virgin Canyon
is estimated at 171,139 acre-ft or 2.11 x 108m3. This is only about
0.7 percent of the entire volume of Lake Mead, but is some 78 percent of
the volume of the proposed forebay reservoir of the Spring Canyon Powerplant
at full pond. Withdrawals of water from Virgin Canyon for operation of
a 2,000 megawatt powerplant could amount to a substantial percentage of
the Virgin Canyon volumes throughout the year. For example, we estimate,
that average daily volumes pumped from Virgin Canyon under high Lake Mead
water levels and normal power plant operation would average from 7.7 percent
in October/November to 10.7 percent during June through August (Table 71).
The changes of these percentages as Lake Mead water levels drop are clear
from Table 71. If levels dropped to about 1,050 (320 m) elevation, average
daily water withdrawals could amount to 21.5 31.0 percent of Virgin Canyon.
Though daily averages are informative, "pulses" of pumping activity would
occur on weekends, and much of the Virgin Canyon volume could be required
for a typical weekend pumping operation (Table 71). Though these percentages
are high, daily volumes withdrawn are but a tiny portion of the entire volume
of Lake Mead (perhaps 0.05 0.25 percent under all possible Lake Mead
elevations).
Because of the general "clumped" vertical distribution of the Virgin
Canyon zooplankton, with densities concentrated in near-surface waters,
different levels of zooplankton would be subject to entrainment depending
upon Lake Mead elevations. Tables 72 through 75 provide monthly estimates
of expected zooplankton densities in entrained water under hypothetical
Lake Mead elevations. Clearly, if Lake Mead levels drop, especially below
about 1,100 ft (335.4 m) elevation, zooplankton entrainment could increase
dramatically for all major groups. With increased entrainment increased
physical damage to zooplankton standing crops in Virgin Canyon may be assumed,
although injured populations would still undoubtedly comprise a tiny fraction
of all numbers in Lake Mead.
Estimates of the proportion of total zooplankton standing crops in
Virgin Canyon entrained through pumping activities were determined and are
given in Table 76. At high Lake Mead water levels, small (0.7 5.5 percent)
proportions of the standing crops would be withdrawn daily, but if Lake
Mead levels drop towards elevation 1,050 (320 m), it is possible that very
mm
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1Table 71. Estimated monthly and average daily volumes of water pumped expressed as a percentage of the
volume in 6.75 km of Virgin Canyon during high, intermediate and low Lake Mead water levels.
oo
Month
May
June
July
August
September
October
November
December
January
February
March
April
Elevation
Monthly
Percentage
318
330
330
332
252
237
232
279
273
258
272
246
1210
Average
Daily
Percentage1
10.3
10.7
10.7
10.7
8.4
7.7
7.7
9.0
8.8
9.2
8.8
8.2
Elevation
Monthly
Percentage
497
517
517
520
395
371
363
437
427
404
426
386
1130
Average
Daily
Percentage
16.1
17.2
16.7
16.8
13.2
12.0
12.1
14.1
13.8
14.4
13.7
12.9
Elevation
Monthly
Percentage
895
930
930
937
711
668
653
787
768
728
766
694
1046
Average
Daily
Percentage
28.9
31.0
30.0
30.2
23.7
21.5
21.8
25.4
24.8
26.0
24.7
23.1
^'Pulses" of pumping activity would occur on weekends for a typical week; though daily averages are
informative, weekend pumping activity could require some 35 % of the Virgin Canyon volume at Lake Mead
elevation 1210, 54 % at elevation 1130, and 98 % at elevation 1046.
Table 72. Estimated densities of total zooplankton (No/m3) in water
pumped into the upper reservoir of Spring Canyon Pumped
Storage Power Plant under various surface elevations of
Lake Mead.
Month 1132-1210
(132-210)1
Mid-May 440
Mid-June 970
Mid-July 1,710
Mid-August 950
Mid-September 940
Mid-October 780
Mid-November 530
Mid-December 1,440
Mid-February 1,950
Mid-March 750
Mid-April 3,290
Lake Mead Surface
1099-1131
(99-131)
750
970
3,910
1,960
1,580
1,540
910
2,200
1,210
2,260
3,290
Elevations (Range
1066-1098
(66-98)
5,620
2,590
10,140
3,060
3,390
1,690
1,580
2,340
1,360
6,440
5,760
in ft)
1050-1065
(50-65)
7,030
9,580
22,050
6,430
6,110
6,040
4,780
3,300
4,910
9,260
23,550
iRange of depth (ft) existing above the proposed power plant intake
at given range of elevation.
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Table 73. Estimated densities of copepod zooplankton (No/m3) in water
pumped into the upper reservoir of Spring Canyon Pumped Storage
Power Plant under various surface elevations of Lake Mead.
Lake Mead Surface Elevations (Range
Month 1132-1210
(132-210)1
Mid-May
Mid-June
Mid-July 1
Mid-August
Mid-September
Mid-October
Mid-November
Mid-December 1
Mid-Febraury 1
Mid-March
Mid-April 2
130
570
,200
550
260
470
500
,350
,790
620
,980
1099-1131
(99-131)
530
530
3,360
1,610
840
1,140
750
1,790
1,130
2,090
3,160
1066-1098
(66-98)
1,800
1,930
8,680
2,760
2,510
1,410
1,470
2,070
1,010
5,140
4,740
in ft)
1050-1065
(50-65)
2,590
5,890
19,420
5,120
2,640
5,310
4,070
2,640
3,950
6,950
18,980
iRange of depth (ft) existing above the proposed power plant intake at
given range of elevation.
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Table 74. Estimated densities of cladoceran zooplankton (No/m3) in water
pumped into the upper reservoir of Spring Canyon Pumped Storage
Power Plant under various surface elevations of Lake Mead.
Month
Mid-May
Mid-June
Mid-July
Mid-August
Mid-September
Mid-October
Mid-November
Mid-December
Mid-Febraury
Mid-March
Mid-April
Lake
1132-1210
(132-210)1
0
350
300
50
190
220
0
30
130
130
190
Mead Surface
1099-1131
(99-131)
90
90
250
50
180
260
160
60
40
170
40
Elevations (Range
1066-1098
(66-98)
570
400
1,050
250
530
113
80
150
310
1,130
900
in ft)
1050-1065
(50-65)
790
1,320
1,450
750
1,230
225
570
180
680
2,030-
3,160
iRange of depth (ft) existing above the proposed power plant intake at
given range of elevation.
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Table 75. Estimated densities of rotifer zooplankton (No/m3) in water
pumped into the upper reservoir of Spring Canyon Pumped-Storage
Powerplant under various surface elevations of Lake Mead.
Month 1132-1210
(132-210)1
Mid-May 310
Mid-June 40
Mid-July 200
Mid-August 350
Mid-September 490
Mid-October 90
Mid-November 30
Mid-December 60
Mid-February 30
Mid-March 0
Mid-April 130
Lake Mead Surface
1099-1131
(99-131)
130
350
300
300
570
130
0
350
40
0
90
Elevatons (Range
1066-1098
(66-98)
3,250
260
400
50
350
170
40
110
40
170
110
in ft)
1050-1065
(50-65)
3,650
2,370
1,190
550
2,240
510
150
480
280
280
1,410
iRange of depth (ft) existing above the proposed power plant intake at
given range of elevations.
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Table 76. Estimated average daily percent of the zooplankton standing crop in Virgin Canyon withdrawn
during proposed pumping activities under high water levels (elevation 1210), intermediate levels
(elevation 1130), and very low water levels (elevation 1050) of Lake Mead.
Lake Mead Elevation 1210
Month
May
June
July
August
September
October
November
December
February
March
April
Est. Daily
Standing Crop
(NOS.X 1012)
1.281
2.817
2.075
0.819
1.035
0.968
0.391
0.497
0.712
0.843
2.514
Est. Daily
Percent (%)
Withdrawal
0.74
0.78
1.85
2.60
1.60
1.30
2.20
5.50
5.30
1.60
2.30
Lake Mead Elevation 1130
Est. Daily
Standing Crop
(NOS.X 1012)
0.769
1.688
1.259
0.497
0.627
0.586
0.239
0.312
0.440
0.519
1.528
Est. Daily
Percent (%)
Withdrawal
2.1
1.3
7.0
8.9
4.5
4.2
6.2
13.4
5.4
8.1
3.7
Lake Mead Elevation 1050
Est. Daily
Standing Crop
(NOS.X 1012)
0.454
0.999
0.736
0.291
0.367
0.343
0.139
0.176
0.253
0.299
0.892
Est. Daily
Percent (%)
Withdrawal
33.47
22.25
67.30
50.01
29.54
28.39
56.10
35.60
37.83
57.35
45.75
^Estimated total volume of 6.75 linear kilometers of Virgin Canyon is 2.11 X 108 m
elevation 1210, 1.35 X 108 m3 (109,283 acre-ft) at elevation 1130, and 7.49 X 107 m
elevation 1050.
3 (171,139 acre-ft) at
3 (60,720 acre-ft) at
rhigh proportions of the standing crops would be daily cycled through the
pump-turbines. It should be noted, however, that considerable range of
Lake Mead elevations above 1,130 (344.5 m) are possible before abrupt
increases in proportions of standing crops are effected. This is primarily
because the proposed power plant intakes are deep (1,000 ft or 305 m
elevation) and Lake Mead levels must drop considerably before the intakes
approach metalimnion-level waters where zooplankton densities increase
dramatically. A caveat is appropriate here, however, for projected
zooplankton entrainment rates are based upon densities determined at water
levels where the power plant intakes would be situated under various Lake
Mead elevations. Entrainment of zooplankton is considered to occur within
discrete layers of water. While this may be more applicable during thermal
stratification periods, it may not be as applicable during the "well mixed"
periods of late fall, winter and early srping. Waters moving towards intakes
during these periods may flow from all water levels (see previous discussion
on water movements), and thus a "blending" effect could occur.
As indicated earlier, it is not totally clear from studies how
pumped-storage operation affects zooplankton communities. In an extensive
study of zooplankton at the Ludington Pumped Storage Powerplant on Lake
Michigan, populations of calanoid, cyclopoid and nauplii zooplankton were
slightly depressed in the forebay compared to nearby Lake Michigan (Duffy
and Listen 1978). However, in that same study, other groups including the
Cladocera and Rotifera exhibited slight increases in numbers in the forebay
compared to Lake Michigan. Buikema and Loeffelman (1980) reported that
the interaction of pumped-storage operation and zooplankton populations
in Smith Mountain Lake, Virginia, were very complex, but pumpback appeared
to simulate predation. Periodic injections of warm-water into the Smith
Mountain forebay hypolimnion during pumpback may have caused zooplankton
populations to reach higher densities than without project operation. Horst
(1980) concluded that operation of a proposed Vastana plant on Lake Ivosjon
in Sweden would have a tolerable effect on the lake ecosystem, when modeling
the effects of passage of zooplankton through pump-turbines. Horst (1980)
selected turbine mortality rates water of 2, 50 anc' 100 % in simulating
ecological effects of entrainment of representative zooplankton including
Bosmina coregoni and Eudiaptomus graci'lloides, both cladocerans. This study
is noteworthy for Lake Ivosjon contains only some 486,421 acre-ft (600 X
106 m3) compared to some 11,120,000 acre-ft (1.372 X 1010 m3) to 24,410,000
acre-ft (3.011 X 1010 m3) at elevation 1,087 (331.4 m) and 1,210 (368.9
m)for Lake Mead, respectively. Thus, Lake Ivosjon is only 2.0 - 4.4 % the
volume of Lake Mead. Further, water withdrawals at the proposed Vastana
Pumped-Storage Plant were 9,183 ft3/s (260 m3/s) and a daily maximum lake
level fluctuation of Lake Ivosjon was estimated to be 5.5 in (14 cm) due
to plant operation (Horst 1980). The water withdrawal rates for Spring
Canyon are about 16,000 ft3/s (453 m3), only 1.7 times those projected for
the Vastana plant. If the Spring Canyon plant withdrawal rates were
equivalent to the Vastana plant rates, when compared to total lake volume,
the Spring Canyon intake would need to withdraw approximately 209,944 ft3/s
(5,945 m3) to 460,771 ft3/s (13,048 m3) to have the same effect on Lake
Mead volumes. This would require an intake some 13 to 28 times the size
proposed. Clearly, if Horst's conclusions are in any sense valid for the
Spring Canyon situation, i.e.
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effects of pumped-storage operation on zooplankton are tolerable for the
Lake Ivosjon ecosystem, there need be little concern that the Spring Canyon
plant will significantly affect Lake Mead zooplankton. It conceivably may
take an intake of gargantuan proportions, perhaps greater than 28 times
the size of the presently proposed system, to effect significant change
in Lake Mead's zooplankton populations.
Benthic Macroinvertebrates
Though benthic macroinvertebrate species composition and numbers have
only recently been given attention (Pollard et al. 1987), limited data
in upper Lake Mead indicate that greatest concentrations occur in deep,
profundal regions (see section on "Description of Lake Mead"). Near the
proposed Spring Canyon Powerplant, steep-walled canyons dominate in Lake
Mead and there are limited littoral zones for development of shallow water
fauna. The species composition of profundal zone invertebrates in Virgin
Canyon has not been determined though high densities may be present (limited
data show some 17,000 m~l).
Potential scouring of substrates is an issue of common concern in impact
assessment of hydroelectric intakes and outlets. Bi-directional flows
associated with pumped-storage have the potential for disturbing substrates
and lowering carrying capacities for benthic invertebrates at some sites.
At Spring Canyon, however, the inlet-outlet structure would project into
Virgin Canyon some 150 ft (45 m) above the canyon floor. With proposed
horizontal outlet flows, and with rapidly decreasing velocities only several
hundred feet out from the outlet (see previous discussion on water movements),
there appears to be little opportunity for significant change in benthos
populations in Virgin Canyon from pumpedr-storage operation.
Studies of benthic macroinvertebrates near the inlet-outlet of -the
Ludington Pumped-Storage Powerplant on Lake Michigan are informative to
the Spring Canyon assessment. From a five year study that included seasonal
sampling at control and presumed impact sites, Duffy and Listen (1977)
concluded that operation of the Ludington Plant had not created major changes
in benthos communities after four years of plant activity. Mayor invertebrate
groups including Chironomidae, Oligochaeta, Amphipoda, Gastropoda, and
Pelecypoda were analyzed separately in that study. Flows emanating from
the Ludington Plant were distributed throughout the shallow (40 ft, or 12 m)
shoreline areas. Sites approximately 0.5 mi (0.8 km) distant were not scoured
or changed appreciably with regard to benthos communities. The absence
of bottom substrates located in direct line of proposed outflows of Spring
Canyon, in addition to the limited benthic fauna existing along canyon walls
(Pollard et al. 1987), would indicate that impacts to benthic invertebrates
from physical disruptions would be minimal.
The Spring Canyon forebay reservoir floor will colonize with benthic
invertebrates. Rates of colonization and eventual population sizes will
depend upon many factors including rates of input from Lake Mead
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(entrainment), rates of outputs during generating cycles (extrainment),
establishment through natural distributional mechanisms, and ability of
forebay substrates to support and sustain benthos numbers. Deep waters
of the forebay are expected to contain abundant oxygen throughout the year,
so oxygen would not be limiting. Energy and food may be major limiting
factors, as organic material in source water (Virgin Canyon) is relatively
scarce. Further, cold water inputs should keep temperatures low enough
to slow down any forebay primary production(autochthonous energy sources),
and the forebay watershed is small compared to the proposed forebay volume,
is limited in amounts of organic material, and thus should export relatively
low amounts of food materials into the forebay during runoff.
Areas of the forebay substrate least likely to sustain benthos
populations will be the shoreline from the surface at fullpond (elevation
1,950 or 594.5 m) down to the shoreline at minimum pond (elevation 1,915
or 583.8 m). This area will alternate between complete or partial inunda-
tion and complete or partial de-watering as forebay water levels respond
to pumping and generating activity. Further, wave action will increase
stress in this zone. Unstable, fluctuating water levels, in addition to
limiting total benthos numbers, may also alter the composition, favoring
oligochaetes and chironomids over important prey groups as gastropods,
amphipods, stoneflies, mayflies and caddisflies (Liston and Chubb 1985).
Changes such as these may account for lower productivities of certain fishes,
and may be attributable to substrate changes, especially the accumulation
of silt and loss of vascular macrophytes (Hildebrand et al. 1980).
Colonization of a new forebay reservoir at the Ludington Pumped Storage
Plant by benthic macroinvertebrates occurred rapidly following first-filling,
and fall densities of all macroinvertebrates combined increased from 1,035 m~2
in 1973 to 9,311 m'2 in 1976 (Table 77 ). In addition, the benthic fauna
became more diversified with time. Following 1976, fall densities dropped,
primarily due to large decreases in oligochaetes and chironomids. However,
general trends of increasing abundances of amphipods, water mites
(Hydracarina), gastropods, and pelecypods were sustained (Table 77; Duffy
and Liston 1978). Clearly, the forebay benthos were undergoing rapid change,
but lack of studies beyond 1977 denied opportunity to determine when, if
ever, numbers and species composition stabilized.
Inputs into a pumped-storage forebay of macroinvertebrates through
entrainment has been documented at the Ludington site. Ligman (1981) noted
that input rates were consistently greater than output rates for four groups
of invertebrates (Table 78) indicating that the Ludington forebay was serving
as a trap for large numbers of invertebrates annually pumped in from Lake
Michigan.
Some mortality of entrained macroinvertebrate biota at Spring Canyon
may be expected, especially since entrained organisms from Virgin Canyon
should be acclimated to high pressures and will experience rapid drops in
hydrostatic pressure enroute (Beck et al. 1975). However, additional new
habitat in the forebay should provide some overall compensation through
new (though limited) production. In general, entrainment of macroinverte-
brates into the proposed Spring Canyon intake, which is positioned in the
open waters of the hypolimnion, well above the Virgin Canyon floor, is
expected to occur but at a low rate.
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Table 77. Average numbers (No/m2) of fall benthic invertebrates in PONAR
dredge samples from the Ludington Pumped-Storage Reservoir during
the first 5 years of powerplant operation.1
Taxa
01 igochaeta
Chironomidae
Amphipoda
Hydracarina
Gastropoda
Isopoda
Pelycepoda
Total
N
10 October
1973
720
284
4
27
0
0
0
1,035
9
1 November
1974
2,058
1,148
17
11
22
0
0
3,256
12
14 October
1975
4,545
350
32
0
19
0
0
4,946
12
18 October
1976a
6,329
2,257
40
84
50
27
519
9,311
9
3 Novembei
1977&
3,077
750
124
292
,99
6
527
4,909
9
iDuffy, W. and C. Listen 1978.
aOther invertebrate taxa appearing for the first time were Ephemeroptera
(x=2/m2) and Mysis shrimp Cx=2/m2).
Bother invertebrate tax appearing for the first time were Ostracoda
(x=19/m2) and Turbellaria (x=15/m2).
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Table 78. Estimates of entrainment and releases (numbers) of invertebrates
at the Ludington Pumped-Storage Powerplant on Lake Michigan during
25 April to 12 October, 1979.I'2
Taxa
Mysis relicta
Chironomidae
Gammarus sp.
Pontoporeia hoyi
Total
Entrainment
1.26xl09
1.577xl08
2.809xl07
2.7xl07
Total Numbers
Released
6.709xl07
1.095xl08
1.623xl07
7.805xl06
Numbers Released
as Percent of
Total Entrainment
5.3
69.4
57.8
28.3
1
kigman 1981.
2Data were extrapolated over 171 day interval during 25 April to 12 October.
Samples were taken on the following dates: 1, 15, 29 May; 12, 28 June;
10, 31 July; 1, 15, 27 August; 25, 26 September.
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Fish
Eight fish species were observed in Virgin Canyon during 1986 and 1987
considering all methodologies (Table 79). Though hydroacoustic methods
— do not discriminate species, it is believed that the majority of insonified
targets from this technique were threadfin shad, and that this species was
the most abundant of all species observed.
The variety of fisheries methods used allowed for data collection on
species believed to be present in Virgin Canyon, and on their various life
stages. In addition, important changes in seasonal abundance, horizontal
~ distribution, and vertical distribution were discerned. All these data
are important for assessing potential fishery impacts from the Spring Canyon
Pumped-Storage Powerplant. However, data are available from most methods
for only a single year, and seasonal observations for the most important
aspect, pelagic distribution and abundance of fish, are restricted to several
days for each of the seasons. Thus, assessments of fisheries impacts at
_ this point necessarily rest upon a limited data base. Ecological systenjs
and especially population sizes of individual species can vary dramatically
from year to year, and a single year of observation may not be representative
of overall conditions in Virgin Canyon. Nevertheless, the proposed location
and depth of the Spring Canyon inlet-outlet, general knowledge of the biology
of local fishes, plus the background limnological data available, help to
make the assessment of fisheries impacts a tenable exercise at this time.
An expanded fisheries data collection program would be required should planned
construction and operation of Spring Canyon proceed.
~~ Fish eggs and larvae. Early life stages of fish are recognized as
being the most vulnerable phases of a fish's life cycle regarding entrainment
within water intake systems because of their relatively immobile, planktonic
.— character (Marcy 1975). Presence of fish eggs and larvae in Virgin Canyon
depends on actual spawning by fish species frequenting the habitat and/or
potential drift or importation of eggs and larvae from spawning sites
__ elsewhere in Lake Mead. The timing of appearance of eggs and larvae depends
upon the individual environmental requirements of the species and when these
requirements are met for a particular year.
" Provided that habitat requirements for spawning are met, such as proper
depth, currents, and substrate (or enough open waters for non-substrate
spawners), and that food resources are plentiful enough for the energy
-- demanding process of reproduction, the time of year when eggs and larvae
may be present and thus potentially vulnerable to entrainment depends greatly
on water temperature regimes (Lagler et al. 1977). Table 80 contains
__ information on projected months of egg and larval occurrence, and spawning
"~ temperatures for fish species in Virgin Canyon. Species are either spring
and/or summer spawners and concerns over potential egg and larval entrainment
from late September to early March would be unwarranted.
Regarding general spawning location, all species under discussion are
shallow water spawners. Spawning depth should range from the surface for
^ threadfin shad and striped bass (Albrecht 1964; Minckley 1973) to about
j 15 ft (4.6 m) for largemouth bass (Morgensen and Padilla 1982; Morgensen
192
r
r~
Table 79. List of fish species observed from various methodologies
employed in Virgin Canyon, Lake Mead, during 1986 and 1987.
Method 1
Fish Species SCUBA Larval Nets Vertical Gill Nets
Threadfin shad
Rainbow trout
Carp
Channel Catfish
Striped Bass
Largemouth bass
Sunfish^
X
X
X X
X
X
X
X X
X
X
X
1 Methods also included hydroacoustics, which do not discriminate
species.
2 "Sunfish" includes both bluegill and green sunfish observed during
SCUBA studies; sunfish larvae were not identified below the family level
(Centrarchidae).
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Table 80. Spawning temperatures and time (months) for potential occurrence
of eggs and larvae of fish species found in Virgin Canyon,
Lake Mead.1
Species
Potential Dates
Temp, for For Presence of
Onset of Spawning eggs and larvae References
Threadfin shad 14.4-21.1 °C April-September
Carp
Bluegill
Green sunfish
15.6-21.1 °C
Channel catfish 18.3-29.4 °C
Striped bass 14.4-21.2 °C
Largemouth bass 12.2-24 °C
15.6-31.1 °C
15.6 °C
April-June
May-July
April-June
March-June
April-August
May-August
Deacon et al. 1972;
Gerdes and McConnell 1963;
Kimsey 1958; Lambo 1965.
Deacon et al. 1972;
Greely 1927; Sigler
and Miller 1963.
Jonez and Sumner 1954.
»
Calhoun 1950; Dickson 1957;
Goodson 1966; Raney 1958;
Talbot 1966.
Jonez and Sumner 1954;
La Rivers 1962;
Morgensen 1983.
Deacon et al. 1972; Jonez
and Sumner 1954.
Sigler and Miller 1963.
1 Information including references as presented and cited in Allan and
Roden 1978.
r
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1983). Except for threadfin shad and striped bass, all species under
discussion locate their eggs on submerged substrates in shallow, littoral
sites. Centrarchids (largemouth bass and other sunfishes) and channel catfish
exhibit parental protection of young larvae, maintaining them near the nest
for several days after hatching. Threadfin shad spawn primarily near
shorelines where clumps of vegetation or debris may be found (Minckley 1973),
but some evidence for pelagic spawning over deep water is indicated in the
Lake Mead literature (Lake Mead Job Progress Reports 1971, 1972). Striped
bass are generally considered anadromous spawners and broadcast their eggs
in open water of considerable current (Raney 1952). Main areas in Lake
Mead most appropriate for striped bass spawning are far removed from Virgin
Canyon and include the river mouths of Las Vegas Wash and the Virgin and
Muddy Rivers, and the main inflows from the Colorado River (Allan and Roden
1978). However, it has been postulated that striped bass spawning could
also occur where wind or thermal currents exist, and, during heavy water
releases from Hoover Dam the narrow canyons may have suitable current for
spawning (Allan and Roden 1978; Lake Mead Job Progress Reports 1973-1977).
Results from larval fish sampling in 1986 and 1987 indicated a sparse
and non-diverse larval fish community in pelagic waters of Virgin Canyon1.
Also, eggs were extremely rare in 1987 and absent from all samples in 1986.
During 1986, approximately 2,520 m3 of water was filtered through surface
larval nets on six occasions from 9 April to 29 July. This produced only
76 larvae comprised of sunfish (92 %) and threadfin shad (8 %). Considering
all samples, average densities were but 0.036/m3 (peak density occurred
on 10 June at the Slide Cove area when 24 larvae, all sunfish, were collected
by filtering 151 m3; this resulted in a density of about 0.16/m3). The
1987 sampling produced even fewer larvae, though an additional taxon
(Cyprinidae) was collected. Near surface sampling next to Slide Cove during
6 May through 28 July resulted in only 58 larvae (58.6 % shad; 39.7 % sunfish;
1.7 % minnow) from some 4,480 m3 of water filtered. This calculates to
only about 0.013 larvae per cubic meter. Deep water sampling near the
proposed inlet-outlet structure produced even fewer larvae in 1987 (4 larvae
from approximately 9,536 m3 filtered).
Considering both years, a total of 138 larvae comprised of the following
taxa were sampled from 16,536 m3 filtered: Sunfish, 69.6 %; threadfin shad,
29.7 %; and, minnows, 0.7 %. The low densities, especially in deep waters,
demonstrate that impacts from egg and larval fish entrainment will be minimal.
No evidence for larval concentrations near the proposed intake orifices
exists, and spawning behavior of all fish species found in Virgin Canyon
is such that eggs and larvae should be found mainly in the upper 15 ft
(4.6 m), a large vertical distance from the proposed inlet-outlet structure.
The relatively high proportion of sunfish larvae in the open water
collections is noteworthy. Sunfish larvae are basically "nest restricted"
for several weeks after hatching and enjoy parental protection during that
time. Pelagic sunfish larvae are "out of place," and it is doubtful if
survivorship is likely for such individuals. Underwater SCUBA observations
(discussed later in more detail) have provided evidence for extensive use
of the Virgin Canyon shorelines by the sunfish family, and it is reasoned
that local sunfish nests were the source for the larvae sampled.
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— It has been documented that forces from winds, waves and water currents
can be destructive to largemouth bass and sunfish nests (Allan and Romero
1975; Morgensen 1983). Also, rapid changes in water levels and water
>*^  temperatures can have negative effects on sunfish reproduction (Liston and
Chubb 1985; Allan and Romero 1975). This is further reason to design an
inlet-outlet structure that prevents surface disruption or that does not
utilize canyon walls for dissipation of energy associated with water flows.
•~ Also, designers should be mindful that return flows from the Spring Canyon
forebay will probably be cooler than epilimnetic water in Virgin Canyon.
Contact of cool water emanating from the inlet-outlet structure during turbine
— generating modes with largemouth bass and sunfish nests could damage
developing eggs and larvae. Further, if extensive cooling of the shoreline
waters occurs during largemouth bass spawning periods, adult bass may exhibit
aberrant spawning behavior and may also abandon nests ( Allan and Romero
1975).
The proposed depths for the Spring Canyon inlet-outlet structure will
"- undoubtedly minimize entrainment of fish eggs and larvae. Shallow, shoreline
intakes whose water source originates from productive, sunlit areas within
the epilimnion can withdraw enormous numbers of larvae, which can translate
— into considerable numbers of "equivalent adults lost." This has been observed
at the Ludington Pumped-Storage Plant on Lake Michigan (Liston et al. 1981).
Though a shallow water inlet-outlet structure for Spring Canyon would entrain
relatively few larvae because of low larval densities, the proposed deep
water position is much preferred.
Juvenile and adult fish. Hydroacoustic studies indicated that population
sizes of pelagic fish in the Virgin Canyon area are very low in spring and
"~~~ summer, reach highest seasonal densities during fall, and decrease to
_ intermediate levels during winter. Vertical distribution of fish, as seen
during daytime surveys, also changes with seasons. Fish in April were almost
exclusively found within the 0-33 ft (0-10 m) depth strata. As seasons
progressed, daytime fish distributions moved downward in the water column.
In late July, most fish were seen within 33 - 82 ft (10 - 25 m) depths,
and by late October concentrations were in 82 - 164 ft (25 - 50 m) 'depth
strata. By mid-January, most fish had moved much lower to the 248 - 328 ft
(75 - 100 m) depth strata.
It must be emphasized that the above vertical depth information was
_ gathered during daylight conditions. Strong hints of die! differences in
vertical distribution were seen with limited "after sunset" data taken in
October and January. In October, many fish moved upward in the water column
shortly after sunset and approximately 81 percent of all fish targets near
<-~ Slide Cove were observed in 33 - 82 ft (10 25 m) depth strata. Previous| daytime data showed some 83.1 percent of all fish in 82 - 164 ft (25 - 50
m) depth strata and only some 8.5 percent within 32 - 82 ft (10 - 25 m).
_ Similarly, in January, "after sunset" data demonstrated upward movements
! and about 63.4 percent of all fish were found within 33 - 82 ft (10 - 25
1 m) with 21.6 percent between 82 - 164 ft (25-50 m). Daytime data showed
most fish targets (43.5 percent) at 246-328 ft (75 - 100 m); only 18.4 percent
P and 8.3 percent were seen at 33 - 82 ft (10 25 m ) and 82 -164 ft (25-50 m),
1 respectively. No night data are available for spring
r
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and summer, although the few fish present are concentrated in the upper
0 - 82 ft ( 0 - 25 m) during daytime and night movements should only take
them further up in the water column.
Though hydroacoustics can not discriminate between fish species, length
estimates of insonified targets can be made with the dual-beam system
(Biosonics 1987), and a summary of length estimates is provided in Table 82.
Ranges of mean lengths considering all areas studied generally decreased
as seasons progressed, going from 2.8 - 8.6 in (7.1 - 21.8 cm) in April
to 1.0 - 1.2 in (2.5 - 3.1 cm) in January. The vast majority of pelagic
fish in Virgin Canyon are indeed small, though occasional fish targets
indicated some fish 24 in (61 cm) or larger were present during all seasons.
It is presumed that most pelagic fish are the young and adults of
threadfin shad, with a mixture of several size classes of striped bass and
perhaps centrarchids (especially during fall and winter when sunfishes may
move into deep water; Jonez and Sumner 1954; Allan and Roden 1978). Also,
it is expected that some of the larger fish lengths represent carp and channel
catfish. 'Juvenile shad comprised most of the limnetic shad population in
Lake Mead (Paulson and Espinosa 1975) but adults were also captured in
mid-water trawls (Allan and Roden 1978). Abundant shad populations have
been recorded previously in upper Lake Mead waters (Baker and Paulson 1983).
Deacon and Tew (1973) observed that shad occurred primarily in the epilimnion
and metalimnion during spring and summer down to depths of 50 - 65 ft (15 -
20 m). At the onset of fall mixing, threadfin tend to disperse into deeper
waters and large schools may over-winter in the deep basins ( Allan and
Roden 1978). Juvenile and sub-adult striped bass tend to prefer reservoir
depths where temperatures range from 20 - 24 °C during summer although they
can tolerate 28 - 30 °C water (Coutant and Carroll 1980). Thus, in Lake
Mead such individuals can use epilimnial waters and since juvenile threadfin
shad are preferred forage for sub-adult striped bass (Albert and Baker 1983),
young striped bass no doubt account for some of the fish counts observed
from hydroacoustic studies during summer. Adult striped bass prefer cooler
temperatures (18-22 °C; Cox and Coutant 1981), and larger fish observed
during summer in Virgin Canyon quite surely included some adult striped
bass, especially at depths of about 33 - 82 ft (10 - 25 m) where such
temperatures generally can be found. Presumably, striped bass subadults
and adults also comprise part of the fall and winter pelagic fish community
in Virgin Canyon, maintaining close position to schools of threadfin shad.
In late winter, adult stripers in Virgin Canyon may be few in number, as
individuals migrate to potential spawning sites (i.e. Colorado River inflows)
anticipating spring reproductive activity (Combs and Peltz 1982).
Seasonal and diel distributions of pelagic fish in Virgin Canyon will
influence strongly the level of fish entrainment at the Spring Canyon
Powerplant. At other pumped storage systems, fish entrainment and injuries
from turbine passage have become major environmental issues. Shoreline
inlet-outlet structures located near fish concentrations can entrain and
kill large numbers of fish, and no technology is yet available for
successfully screening the huge, bi-directional flows required for
pumped-storage. At the Ludington Pumped Storage Plant on Lake Michigan,
shoreline intakes entrain and injure large numbers of juvenile and adult
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Table 81. Estimates of fish lengths (inches) using target strength
data from dual beam hydroacoustic surveys in Lake Mead.
Data are from the 0 - 100 m depth strata during daytime.
Location in Lake Mead
Months of Survey^
July
Mean Lengths
Length Range
October
Mean Lengths
Length Range
January
Mean Lengths
Lengths Range
Gregg Basin Virgin Canyon
2.1
0.8
3.5
>24
2.0 - 2.3
<0.8 - >24
1.0 - 1.2
<0.8 - 13.8
2.8
0.8
3.9
>24
1.9 - 2.1
<0.8 - >24
1.1 - 1.1
<0.8 - 19.7
Temple Basin
April
Mean Lengths
Length Range
4.5 -
1.0 -
8.6
>24
3.4 -
0.8 -
4.6
>24
2.8
0.8
- 3.0
- 9.8
5.9
0.8
5.9
>24
1.7 - 2.1
0.8 - 20.0
1.2 - 1.2
<0.8 - 23.6
1 Duplicate surveys were run each month, providing two estimates for
mean length as shown for each location.
r
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fish annually (Listen et al. 1981). Turbine injuries appear to be size
related to some extent, though turbulent forces and low pressure zones within
turbines also act upon the very small fishes and cause mortalities. Accurate
mortality rate data for any species is difficult to acquire, though experiments
with 6.4 - 20 in (162 - 510 mm) rainbow trout at Ludington indicated an
average mortality rate of 56.9 percent for pumping modes and 44.9 percent
for generating modes (Tables 83 and 84).
Though populational and ecological effects of fish mortalaties from
powerplant entrainment are unclear due to natural compensatory mechanisms
of fish populations (McFadden 1977) and other reasons, it is best to minimize
entrainment losses whenever possible. Though fish populations have evolved,
over long periods of time with predation and individual death always a reality,
and have thus evolved compensatory checks and balances to insure continuance
of the species while neither over running the environment with too many
individuals or risking extinction with too few, additional artificial predation
can result in lowered (if adjusted) fish populations and should be engineered
out of intake designs if at all possible. Public perceptions and concerns
regarding natural resource losses weigh heavily in present political climates,
and though ecological changes may not be proven, fish entrainment losses
are viewed quite negatively. •
The proposed position of the Spring Canyon inlet-outlet works will
render fish entrainment less of a problem than seen at Ludington, or at
other installations using shallow water, shoreline intakes. Located deep
within the hypolimnion, the Spring Canyon intakes should operate for much
of the year with smal entrainment losses, especially if Lake Mead elevations
remain high. During spring and summer, small local populations and shallow
fish distributions should result in small entrainment losses. During fall
and winter, entrainment rates will increase because of deeper distribution
of fishes and higher local population sizes. An attempt to estimate weekly
entrainment rates was made for two periods, under two general Lake Mead
elevation situations, as seen in Tables 87 and 88. Data were integrated
from projected pumping rates (USBR 1987), local fish population size esti-
mates diel fish densities expected near intake orifices, and estimated proportions
of daytime pumping (15 percent) and nighttime pumping (85 percent) for a
typical week as surmised from past experiences with operational modes at
the Ludington Project. During fall (October/November), though local fish
numbers may be almost three times as large as in winter (January), weekly
fish entrainment should be nearly 6.5 times less under Lake Mead elevations
of 1,164 - 1,210 ft (354.9 - 368.9 m) because of nighttime vertical distribution
patterns, discussed earlier (Table 87). However, if Lake Mead drops below
1,164 ft (354.9 m), fish entrainment should generally increase, and fall
weekly rates could be about twice as great as winter entrainment rates (Table
88). Again, estimated entrainment rates are heavily influenced by diel
migration patterns of local fishes, which position various numbers of fish
within similar depth strata as the inlet-outlet structure, depending upon
the elevation of Lake Mead.
r
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1Table 82. Summary of rainbow trout (162-470 mm total length) pumping-mortality experiments at the
Ludington Pumped Storage Facility during 1974 and 1975.1
Date
6/12/74
7/12/74
10/ 6/74
10/20/74
ll/ 3/74
o
6/15/75
7/20/75
9/21/75
ll/ 2/75
ll/ 9/75
Water
Temperature
(°C)
11
19
11
11
10
13
19
14
11
12
Number
Released
95
76
75
105
94
40
148
127
137
138
Number
Recovered
(%)
33 (34.7)
38 (50.0)
37 (49.3)
48 (45.7)
44 (46.8)
11 (27.5)
26 (17.6)
44 (34.7)
40 (29.2)
45 (32.6)
Survival3
(%)
33.3
63.2
40.5
41.7
38.6
27.3
38.5
31.8
22.5
31.1
Adjusted*5
Survival
(%)
38.7
73.5
47.1
48.5
44.9
32.4
41.8
46.2
24.6
33.3
Mortal ity
(%)
61.3
26.5
52.9
51.5
55.1
67.6
58.2
53.8
75.4
66.7
1 Listen, C. R. 1979.
a Survival and Mortality rates based on recovered fish only,
b Survival rates adjusted using survival rates of control group
and applying formula by Bell et al. 1967.
Mean Mortality Rate 56.9
95 % Confidence Limits 59.9 _+ 8.2
Weighted Mean Mortality 56.1
no
o
Table 83. Summary of rainbow trout (180-510 mm total length) mortality, experiments conducted during
generating modes at the Ludington Pumped Storage Plant during 1975 and 1978.1
Date
8/25/75
10/ 4/75
10/17/75
10/10/78
10/17/78
11/10/78
Water
Temperature
°C)
19
13
13
12
12
11
Number
Released
79
129
114
124
11
132
Number
Recovered
(%)
51 (64.6)
85 (65.9)
72 (63.2)
86 (69.4)
63 (56.8
84 (63.6)
Survival3
(%)
21.6
56.5
40.3
72.1
60.3
50.0
Adjusted13
Survival
(%)
34.8
64.6
46.1
72.1
62.3
50.0
Mortality
(X)
65.2
35.4
53.9
27.9
37.7
50.0
1 Liston, C. R. 1979.
a Survival and mortality rates based on recovered fish only,
b Survival rates and adjusted using survival rates of control
group and applying formula by Bell et al. 1967.
Mean Mortality Rate 44.9
95 % Confidence Limits 44.9 _+ 14.1
Weighted Mean Mortality Rate 43.5
Table 84. Estimated potential fish entrainment from proposed powerplant
pumping activities contrasted with estimated local fish
population size in open water of Lake Mead during two periods.
Lake Mead elevation considered to be 1164 - 1210 ft.
Oct/Nov Jan
Parameters
Estimated Day Night Day Night
Mean Fish Density!
(No/106m3)
Mean Weekly
Volume Pumped
No.Fish
Entrained Weekly
Local Fish2
Population Size
(Pelagic waters)
Weekly Percent of
Local Fish
Population Entrained
45
830
290,670
0.29
0.2 73 38
1.86xl07m3 1.05xl08m3 2.16xl07m3 1.22xl08m3
21 786
100,880
5.4
4,636
1 Mean fish densities in Lake Mead were taken from hydroacoustic data
collected within the 50 - 75 m depth strata at Area V4.
2 Estimates made from daytime dual-beam hydroacoustic data; fish
population sizes estimated from 6.452xl08m3 (5.231x10^ acre-ft) of
water in Lake Mead lying adjacent to the proposed site for the Spring
Canyon Pumped-Storage Powerplant.
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Table 85. Estimated potential fish entrainment from proposed powerplant
pumping activities contrasted with estimated local fish
population size in open waters of Lake Mead during two
periods. Lake Mead elevation considered to be 1082 - 1164 ft.
Parameters
Estimated
Mean Fish Density1
(No/106m3)
Mean Weekly
Volume Pumped
No. Fish
Entrained Weekly
Oct/Nov
Day
645
1.86xl07m3 1
11,997
Night
49
.05xl08m3
5,145
Jan
Day
24
2.16xl07m3
518
Night
64
1.22xl08m3
7,808
Local Fish2
Population Size
(Pelagic Waters) 290,670
Weekly Percent of
Local Fish
Population Entrained 5.9
100,880
8.3
1 Mean fish densities in Lake Mead were taken from hydroacoustic data
collected within the 25-50 m depth strata at area V4.
Estimates made from daytime dual-beam hydroacoustic data; fish population
sizes estimated from 6.452xl08m3 (5.231x10^  acre ft) of water in Lake
Mead lying adjacent to the proposed site for the Spring Canyon Pumped-Storage
Powerplant.
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Presumably, the actual number of fish entrained is less important than
the proportion of the local population that is entrained. In both cases
j*— of Lake Mead elevations in Tables 87 and 88, winter appears to be the most
critical time. Proportions entrained weekly during winter may be some 5.4
% of the local population when elevations are high, which is about 19 times
__ the proportions seen for fall (Table 87). With lower elevations, winter
is still more critical, although the weekly proportion entrained (8.9 %)
is now only 1.4 times as great as the fall value (Table 88). In discussions
of "proportions of local fish populations likely to be entrained," it is
— important to be aware that the volume of Lake Mead water under consideration
(5.23 x 10^  acre-ft) is approximately 2 % of the entire Lake Mead volume
at present. Thus, potential entrainment rates indeed would represent a
_ rather small proportion of the entire fish populations in Lake Mead. Further,
all entrained fishes will not be killed, and some will be recycled back
into Lake Mead. Also, the biotic potential of the two species most likely
to be entrained in some number, threadfin shad and striped bass, is enormous,
indicating high potential for natural compensation that could balance
powerplant entrainment losses. For example, numbers of eggs in mature female
threadfin shad range from 800 to over 12,000, with an average of about 2,300
eggs per gram of ovary (Minckley 1973; Burns 1966). From relatively limited
stocking rates in Lake Mead (some 11,274 individuals during 1954 and 1955;
Allan and Roden 1978), this species literally "took off" establishing huge
self-reproducing populations, which is surely testimony to its vast
reproductive potential in these waters. Egg production in striped bass
is even more spectacular. The number of mature eggs in females from the
lower Colorado River ranged from 67,638 to 139,721 per pound of body weight
with a mean of 105,053 per pound of body weight (Allan and Roden 1978; Edwards
1974).
_ It is reasonable to assume that water currents emanating from the
proposed inlet-outlet structure during generating modes may attract threadfin
shad and striped bass. Both species are active, tend to school, and have
an affinity for water movements. In fact, large concentrations of shad
are often found below dams and inlets and, in Lake Mohave, shad are often
concentrated near the point of underflow during the period of lake
stratification (Allan and Roden 1978). "Before pumping" and "after
i— generating" studies with hydroacoustics at the Ludington intake canal gave
indication that anadromous-type fishes were being attracted to water currents
from plant operation (Liston et al. 1980). The effects of local water current
_ disturbances from the Spring Canyon powerplant may be to "shake-up" present
fish distributions and densities, rendering predictions of entrainment from
present data questionable. Also, if moribund and/or damaged fish are released
back into Virgin Canyon, a feeding attraction ("chumming") may develop which
could concentrate fish predators such as striped bass. Studies at Ludington
: revealed that fish predators inhabiting areas near the powerplant flows
were indeed ingesting fish parts as they were released from the forebay
P. (Peterson et al. 1980). Potential changes in fish distribution and densities
i influenced by return flows from Spring Canyon are, of course, only conjectural
without data acquired during actual plant operation. They are mentioned
here as another aspect worthy of consideration for the overall impact assess-
F ment. The best estimate of entrainment at this point assumes that
! pre-construction/preoperational fish densities and behavior patterns will
be similar to post-operational patterns.
r
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An additional note on potential fish entrainment concerns the largemouth
bass and sunfish found in considerable abundance during summer along the
••*—• canyon walls of Virgin Canyon. Young-of-the-year, juvenile and adult centrarchids
seek relatively shallow, rocky shoreline habitats in summer, but studies
have shown that these fishes scatter and go deeper during fall, and can
__ remain quite deep in winter. Also, finger!ing bass may go as deep as 60
~~ ft (18.3 m) during summer, (Allan and Romero 1975; Jonez and Sumner 1954;
Lockard et al. 1971; Allan and Roden 1978). The Spring Canyon inlet-outlet
will quite likely entrain some of these centrarchids, especially during
— fall and winter. A portion of the Virgin Canyon population, because of
behavioral aspects outlined above, may move into vulnerable positions during
pumping modes.
Black crappie, another sunfish species, is present throughout Lake
Mead, and some aspects of their behavior may also be important for this
assessment. Black crappie apparently move into deeper waters, following
shallow water spawning activities, when warm summer temperatures prevail
(Jonez and Sumner 1959). Also, underwater test explosions conducted in
June, 1962 at about 200 ft (61 m) by the U.S. Geological Survey in Las
— Vegas Bay resulted in deaths of large numbers of young crappie (1 - 2 in «
length; 2.5-5.1 cm). Several adult crappie were also killed (Allan and
Roden 1978; Wood 1962). These data indicate that black crappie, mainly
___ young, heavily use deep, open areas of Lake Mead during hot summer months.
Observations of crappie as deep as 100 ft (30.5 m) have also been reported
in winter (Jonez and Sumner 1954). Thus, some black crappie may be entrained
at Spring Canyon because of the deep water intake but lack of data disallows
quantification. Entrainment losses which presumably would require mitigation
would need to be quantified through some type of in-line sampling of powerplant
flows. Methods developed at the Ludington Plant on Lake Michigan, including
__ suspended trawls and large bottom gillnets used as "sieves," would be applicable
at the Spring Canyon Powerplant (Listen et al. 1981).
The Spring Canyon forebay will undoubtedly be colonized by local Lake
Mead fishes during the initial year of operation and thereafter. No physical
barrier will exist to prevent entrainment and transport of individuals into
the forebay. Studies with other pumped-storage powerplants have shown rapid
r- fish colonization of the forebay, with seasonal numbers fluctuating in response
to seasonal population sizes near the inlet-outlet structures below (Brazo
and Listen 1979; Robins and Mathur 1976).
Fishes in the Ludington forebay, with the possible exceptions of several
small bottom species, did not continue to build up in numbers, at least
through the 5 years of study (Brazo and Liston 1979). Many entrained fishes
lived, though many also died or were injured during turbine passage (Liston
et al. 1981). At times, mainly during summer, windrows of shad (alewives)
littered the forebay shorelines, and large salmonids with obvious turbine
— injuries were observed along shorelines during fall. Dead or moribund small
.; fishes appearing in water flows from either generating or pumping modes
attracted large populations of piscivorous bird (gulls) because of easy
prey.
r
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Many of the same phenomena may be expected to occur within the Spring
Canyon forebay but in much reduced form. This is primarily because of the
deep water location of the inlet-outlet structure and the apparent paucity
of fish in local Lake Mead waters, as discussed previously. Fish entrained
in the Spring Canyon forebay may reside longer than seen at Ludington, because
of the much greater forebay volume and depth.
Permanent, self-reproducing fish populations in the Spring Canyon forebay
would be uncommon and unlikely. Unless Lake Mead dropped dramatically in
surface elevation, water temperatures of input waters (see Table 66) would
be low enough to keep overall forebay water temperatures only marginally
warm enough for successful spawning. Also, the relatively large and rapid
daily water level fluctuations would preclude successful spawning along
shorelines. Largemouth bass, sunfish, catfish, and carp would have a most
difficult time spawning successfully (Listen and Chubb 1985). If future
objectives of forebay management include mitigation for fishery resources,
perhaps weirs could be constructed to confine water within shallow inlets
at high forebay elevations. This could increase water temperature to levels
conducive to successful fish reproduction, as well as stabilizing water
levels in a portion of the forebay during critical nesting and rearing
periods. Forebay habitat may be further enhanced by providing artificial
or natural coves in managed areas using knowledge recently compiled by Haley
et al. 1987a, and Haley et al. 1987b.
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SUMMARY AND CONCLUSIONS
This report draws upon the following information in characterizing
the aquatic environment of the Virgin Canyon area of Lake Mead and assess-
ing potential aquatic impacts from the proposed Spring Canyon
Pumped-Storage Powerplant (SCPSP): 1) limnological data taken during
May 1986 through April 1987 by the University of Nevada, Las Vegas,
under the auspices of the Lower Colorado Region Reservoir Monitoring
Program including monthly depth profiles of temperature (°C), pH,
dissolved oxygen (ppm), conductivity (umhos cm~l), water transparency,
light penetration, phosphorus (total and ortho-phosphorus in ug/1),
nitrogen (total, nitrate, nitrite, total kjeldahl, and ammonia in ug/1),
chlorophyll a^  (ug/1), salinity (total salinity, sodium, potassium,
calcium, magnesium, chloride, sulfate, bicarbonate and carbonate ion,
all expressed as mg/1), and zooplankton (numbers per cubic meter for
total Cladocera, Copepoda and Rotifera plus all common species); 2)
fisheries data taken in 1986 and 1987 by the Bureau of Reclamation's
Denver Environmental Sciences Section, Bureau of Reclamation's Lower
Colorado Regional Office, and Biosonics, Inc. of Seattle, Washington
(juvenile and adult fishes were sampled and observed with hydroacoustic
methods, vertical gill nets, and SCUBA while larval fish were sampled
with towed plankton nets); 3) pertinent literature from former and other
on-going studies of Lake Mead; and, 4) personal experience and data
from other pumped-storage powerplants.
The proposed SCPSP would generate up to 2,000 megawatts of peaking
power with maximum flows of some 16,000 ft3/s (453.1 m3/s) during pumping
and 27,000 ft3/s (764.6 m3/s) during generation. Daily cycling of flows
are anticipated with alternating pumping and generating activities.
Annually, about 5.75 x 10^  acre-ft of water may be pumped from Lake
Mead into the new upper reservoir (forebay), and a similar volume would
be released back into Lake Mead.
The SCPSP would require development of a 1,820 acre (736.5 Ha)
upper reservoir (forebay). Surface elevation at maximum pond would
be 1,950 ft (594.5 m) and the maximum volume would be 218,000 acre-ft
(2.69 x lO^m3). The forebay surface would fluctuate between elevation
1,950 ft (594.5 m) and 1,915 ft (583.8 m) in response to powerplant
activity.
Lake Mead surface water elevations were high and relatively stable
during this study, ranging between 1,205 - 1,210.5 ft (367.4 - 369.1 m).
Future surface levels are projected to drop as full utilization of water
users' anticipated share of Colorado River water is realized by the
year 2040. Based upon models for the years 2040 - 2086, surface eleva-
tions should be above 1,083 ft (330.2 m) about 75 percent of the time,
above 1,123 (342.4 m) some 58 percent of the time, and above 1,142 ft
(348.2 m) about half the time. Lake Mead water levels will influence
the degree of impacts from powerplant operation. In general, less effect
is expected
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at high water levels compared to low water levels. This is due to
proportionally greater lake volume in relation to required powerplant
inlet-outlet flows at high surface elevation, but also relationships
between lake level and depth of the inlet-outlet. The proposed
inlet-outlet will sit at elevation 1,000 ft (304.9 m). At present lake
elevations of about 1,210 ft (368.9 m), the inlet-outlet would be
submerged some 210 ft (64 m) and inlet-outlet flows would impact upon
deep, hypolimnial waters. If Lake Mead dropped to elevation 1,083 ft
(330 m), the inlet-outlet would be covered by about 83 ft (25.3 m) and
greater interaction between powerplant-induced water flows and shallow,
warmer Virgin Canyon water is possible. Further, zooplankton and fishery
studies (hydroacoustics) indicate that proportionally greater numbers
of organisms would be entrained at lowered Lake Mead levels.
Water Temperature and Water Movements
Water temperature in Virgin Canyon ranged from 10.5 - 28.4 °C.
Maximum values occurred in surface waters during August and minimum
values occurred near the bottom (344.4 ft, or 105 m) in February. Thermal
stratification was most apparent during June through September. During
this period, epilimnial waters occurred within 0 - 42.6 ft (0 - 13 m)
depths with temperatures of 22.9 - 28.4 °C; metalimnions were observed
between 26.2 - 68.9 ft (8 - 21 m) and temperatures ranged from 17.4
- 25.1 °C; and, hypolimnions occurred between 52.3 - 344.4 ft (16-105
m) with temperatures between 12.2-20.5 °C. Some 7 - 1 3 percent of the
volume in Virgin Canyon was epilimnetic, 5-9 percent was metalimnetic,
and 78 - 86 percent was hypolimnetic. During October through May, thermal
stratification was weak or nonexistent. Though surface to bottom
temperatures differed 5 - 8 °C in October and November, and again during
April and May, metalimnions were not well established. Near isothermal
conditions existed December through March.
Water withdrawals during pumping are not expected to alter thermal .
patterns in Virgin Canyon. Water withdrawn during late fall, winter
and early spring will originate from most of the water column due to
lack of significant density gradients. Withdrawals during summer will
be primarily hypolimnetic water. Water temperatures of pumped water
will remain cold all year, generally between 11 - 14 °C. The forebay
will generally reflect this condition and will be a cold reservoir,
though some solar warming of surface waters is expected. With the forebay
inlet-outlet structure at elevation 1,870 ft (570.1 m) water cover should
range between 46 - 80 ft (14 - 24 m). Some thermal stratification of
the forebay is expected during June through September with development
of an epilimnetic type of pool that will float on top of a much larger,
deeper pool of cooler water. Summer maximum forebay temperatures should
never approach those of Lake Mead because of frequent additions of cold
water during pumping activities. Forebay mixing will be extensive both
vertically and horizontally during October through May, though turbulence
should be minimal.
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The inlet-outlet design for Virgin Canyon could contain a velocity
cap to direct generating mode flows horizontally to minimize surface
disturbances and extensive upwelling of water from collision with canyon
walls. Flows directed in this manner should minimize disturbances of
thermal stratification patterns during June through September. During
much of the non-stratified period (generally October through May), greater
diffusion of water flows from the forebay throughout the water column
in Lake Mead is expected. However, extensive physical modelling should
precede final inlet-outlet designs, and further examination of potential
positive effects of mixing canyon waters will be carried out.
Dissolved Oxygen
Dissolved oxygen ranged from 5.1 - 11.5 ppm in Virgin Canyon.
Oxygen deficits (<100 percent saturation) regularly occurred in deepest
waters during summer and fall, though ample oxygen for aquatic life
was always present.
No important effects on dissolved oxygen in Virgin Canyon from
operation of SCPSP are anticipated. Further, oxygen levels in pumping
water should range between 7.0 - 11.0 ppm considering all possible future
surface elevations of Lake mead. The Spring Canyon forebay will be
well oxygenated and no significant oxygen deficits in deep waters are
expected.
pH values in Virgin Canyon ranged from 7.3 - 8.5, well within the
general range of 6 - 9 ppm for the majority of open lake systems. pH
values are not expected to change significantly in Virgin Canyon, and
forebay water should exhibit pH values similar to those in Virgin Canyon.
Conductivity and Salinity
Conductivity ranged from 694 - 856 umhos cur* in Lake Mead. Decreas-
es in conductivity during summer beginning within the metalimnion and
continuing to about 98 ft (30 m) were attributable to density currents
from Colorado River inflows. Conductivity of pumping water should range
between 697 820 umhos cm"1, although values should be 720 - 780 umhos
cm~l some 70 percent of the time. Vertical conductivity patterns in
Virgin Canyon may be altered through operation of SCPSP but no significant
effects on the aquatic system is anticipated.
Estimates for total salinity in Virgin Canyon determined by adding
the concentrations of all major ions ranged from 492 - 602 mg/1 ; most
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values (75 percent) fell within 521 - 560 mg/1. Approximate proportions
(percent) of the major ions were: Na, 11.1; K, 0.7; Ca, 12.2; Mg, 4.3;
CO,, 0.3; HCO,, 29; Cl, 8.8; $04, 33.6. No measurable effects on salinity
from operation of the SCPSP are anticipated. Additions of salinity
from soluble deposits within future inundated areas of the Spring Canyon
forebay, or any increased concentrations from evaporation, would be
insignificant in Lake Mead.
Water Transparency and Light Penetration
Water transparency (Secchi disc depth) in Virgin Canyon ranged
from 8.2 - 19.7 ft (2.5 - 6.0 m) during May through September and 32.8 -
57.4 ft (10.0 - 17.5 m) during October through April. Low summer readings
corresponded to periods of increased phytoplankton populations, while
high clarity during winter resulted from reduced phytoplankton
populations. The euphotic zone (the distance from the surface to a
depth where about 1 percent of surface light intensity remains) tended
to vary directly with Secchi disc depth. The euphotic zone ranged from
34.4 - 45.9 ft (10.5-14.0 m) during May through July, 49.2 - 59.0 ft
(15 - 18 m) during October through December, and 52.5 - 62.3 ft (16
- 19 m) during February through April. During the stable thermal
stratification periods of June and July, the euphotic zone penetrated
well into the metal imnion. Water transparency and the euphotic zone
could be decreased locally during construction due to possible releases
of fine clays and silts into Virgin Canyon. Powerplant operation may
continue to decrease transparency locally from suspension and release
of fine silts and clays now present in the soils of the future forebay
reservoir. Though these physical changes will tend to decrease
photosynthesis locally, overall Lake Mead photosynthesis should not
be affected significantly.
Nutrients and Chlorophyll
Total phosphorus content in Virgin Canyon ranged from 6.4 - 9.4 ug/1,
indicating very oligotrophic waters of low productivity. Biologically
available phosphorus averaged 2.5 ug/1 at the 32.8 ft (10 m) depth and
5.3 ug/1 at the 229.6 ft (70 m) depth. Total nitrogen increased
significantly with depth with average annual values going from 404 ug/1
at 0 - 16.4 ft (5 •) to 628 ug/1 at the 229.6 ft (70 m) depth. Total
nitrogen to total phosphorus ratios consistently indicated that phosphorus
was primarily the limiting factor for photosynthetic activity in Virgin
Canyon. Mixing of deep waters with shallow waters (a potential outcome
of Spring Canyon operations, especially during non-stratified periods)
would not provide the necessary nutrient concentrations within euphotic
zones to significantly increase primary production in Lake Mead under
present nutrient regimes.
Present nutrient concentrations in Virgin Canyon will not be altered
appreciably through operation of SCPSP. Further, no major alteration
of present Virgin Canyon nutrient levels should occur in the proposed
Spring Canyon forebay.
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Chlorophyll a_ in Virgin Canyon ranged from <1 to about 4 ug/1.
Chlorophyll a[ levels in local areas of Lake Mead may be depressed slightly
with construction and operation of the SCPSP due to potential increases
in suspended silts and clays. Chlorophyll a_ in the proposed Spring
Canyon forebay will most probably be lower than in Virgin Canyon due
to lower water temperatures. Algal productivity should be monitored
during preconstruction, construction and operational years of Spring
Canyon to quantify changes. Zooplankton biomass could be diminished
5-15 percent of a local, realized phytoplankton biomass loss.
Zooplankton
Three major groups of Zooplankton were well represented in Virgin
Canyon: Order Copepoda (65 % of all numbers), Order Cladocera (20 %)
and Phylum Rotifera (15 %). Zooplankton were concentrated mainly within
shallow depths. Approximately 63 % of all Zooplankton numbers were
in the 0 - 10 m depth strata, and only 2 -3 X were in the 40 - 50 m
depth strata. About 84 % of all numbers were located in the top 20 m.
Seasonally, greatest densities of total zooplankton, considering all
depths combined, occurred in June (average = 20,153 m~3) and minimum
densities were recorded in November and December (average = 2,581
2,855 m- 3).
Eleven taxa including a minor, miscellaneous group comprised the
Order Copepoda. Major taxa were: immature copepod nauplii (61 % of
all Copepoda), Mesocyclops edax (8.1 %), Diaptomus spp. (11.0 %), Cyclops
spp. (5.3 %), Cyyclops bicuspidatus (4.3 %), Mesocyclops spp. (4.0 %),
Diaptomus siciloides (2T8%), and Diaptomus ashlandi (2.6 %). Peak
_^ average densities of total Copepoda occurred in July (11,671 m~3), and
minimum densities were recorded in November (2,204 m"3). Most (80.2
percent) of the Copepoda were within the 0-20 m depth strata.
Four taxa including a minor miscellaneous group comprised the Order
Cladocera. Major taxa were: Bosmi'na longirostis (51.1 % of all
Cladocera), Daphm'a pulex (32.1 %). and Daphnia galeata (10.6 %). Peak
average densities of total Cladocera occurred in June (7,994 m~3) and
minimum densities were recorded in December (164 m~3). Most (91.1
percent) of the Cladocera were within the 0 - 20 m depth strata.
Seven taxa including a major unidentified group (19.5 % of all
numbers) comprised the Phylum Rotifera. Major identified taxa included
Polyarthra spp. (47.8 %), Lecane spp. (16.0 %), Ascomorpha spp. (11.4 %)
"~ and Synchaeta spp. (4.5 %J~. Peak average densities of total Rotifera
occurred in June (3,453 m~3) and minimum densities were recorded in
February (114 m~3). Most (87.3 %) of the Rotifera were within the 0 -
— 20 m depth strata.
Zooplankton in Lake Mead comprised the major energy transfer linkages
between algal productivity and fish productivity. The major concern
; regarding zooplankton is the potential entrainment and associated injuries
and mortalities from passage of large volumes of water through the Spring
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Canyon pump-turbines. Though very little is known about zooplankton
entrainment effects at pumped-storage plants on local ecosystems, inlet-
-:*~' outlets should be designed to minimize withdrawals and injuries to zoo-
plankton. The deep water position of the proposed Spring Canyon
inlet-outlet should minimize zooplankton entrainment especially when
__ Lake Mead surface elevations are high. If Lake Mead surface elevations
drop dramatically, zooplankton entrainment will increase. Estimated
ranges of densities (No nr1) of total zooplankton in Virgin Canyon waters
subject to withdrawal during pumping activities under various hypothetical
- Lake Mead elevations are as follows: 1,132 - 1,210 ft, 440 - 3,290
nr3; 1,099 - 1,131 ft, 750-3,910 nT3; 1,066 - 1,098 ft, 1,360 - 10,140
nr3; 1,050 - 1,065 ft, 3,300-23,550 nr3. Lake Mead could fluctuate
between elevations 1,130 ft (344.5 m) - 1,210 ft (368.9 m) or higher
without appreciable change in zooplankton density in pumping water,
assuming present vertical zooplankton distribution patterns in Virgin
Canyon are maintained after plant operation begins.
Ranges of average, daily percent of zooplankton standing crops
in the immediate area of Virgin Canyon (4.05 mi, or 6.75 km; 171,140
.- acre-ft volume) potentially entrained at Spring Canyon under several
hypothetical Lake Mead elevations were estimated as follows: 1,210 ft,
0.7 - 5.5 %; 1,130 ft, 1.3 - 13.4 %; 1,050 ft, 22.3 - 67.3 %. A large
,_. increase in this parameter is apparent as elevations approach 1,050 ft
(320 m). Local decreases in zooplankton numbers are expected in Virgin
Canyon if Lake Mead surface levels drop to approximately 1,130 ft
(344.5 m) or lower. Viable zooplankton returned to Virgin Canyon during
generating modes are expected to be less in density (numbers nr3) compared
_. to pumping water because of turbine injuries and a harsher (cooler)
environment in the forebay in which to grow and reproduce. Local
— reductions in zooplankton are not expected to alter overall zooplankton
standing crops in Lake Mead, based upon the large whole lake volume
of Lake Mead and on recent zooplankton model studies of other potential
pumped-storage systems.
Benthic Macroinvertebrates
Some 88 species of 68 genera of benthic macroinvertebrates have
—- recently been identified from Lake Mead. Limited data in upper Lake
Mead indicate that greatest concentrations of benthic macroinvertebrates
occur in deep, profoundal regions and that steep walls such as occur
in Spring Canyon support a very limited benthos fauna. The proposed
T position of the Spring Canyon inlet-outlet structure, about 150 ft (45 m)
above the canyon floor, will prevent any significant scouring or diminish-
ed benthos productivity. Some macroinvertebrates in the water column,
r~ i.e. pupa of aquatic insects, will be entrained in pumping flows and
( the forebay will rapidly be colonized by this mechanism and others.
Lack of substantial amounts of organic matter, cool temperatures, waters
of low productivity, and frequent water level fluctuations will result| in a limited forebay benthos fauna.i
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Fish
Though some 23 species of fish occur, or are known to have occurred,
in Lake Mead, only eight species were observed in this study. This
~ list included threadfin shad, striped bass, common carp, largemouth
bass, bluegill, green sunfish, channel catfish and rainbow trout.
-• Fish egg and larvae sampling in 1986 and 1987 indicated sparse
and non-diverse fish egg and larvae populations for pelagic waters of
Virgin Canyon. Considering both years, a total of 138 larvae of the
following taxa were collected by filtering 16,536 m3: sunfish, 69.6 %\n shad, 29.7 %; and, minnows , 0.7 %. Average surface larval
densities were 0.036 m"3 in 1986 and 0.013 m"3 in 1987. Only four larvae
were collected from 9,536 m3 filtered from depths near the proposed
~" inlet-outlet structure. Impacts to the fishery from egg or larval fish
entrainment will be minimal. No evidence for larval concentrations
near the proposed inlet-outlet structure exists, and spawning behavior
of all fish species will assure that eggs and larvae will be found mainly
in the upper 15 ft (4.6 m), a large vertical distance from the proposed
inlet-outlet structure. Underwater observations along canyon walls
_^ provided evidence for successful fish reproduction by largemouth bass
and sunfishes. The presently proposed inlet-outlet design should be
retained to prevent surface disruptions or collisions between outlet
flows and canyon walls. Consequences of these physical alterations
would be to damage fish nests directly, or to negatively influence
spawning behavior and egg development through direct contact with cool
~" forebay outflows.
Hydroacoustic studies showed that pelagic fish populations of Virgin
Canyon were very low in spring and summer, reached highest densities
in fall, and decreased to intermediate densities in winter. Daytime
•"~ data showed fish preferred deeper depth strata in fall and winter compared,
to spring and summer. Limited nighttime data demonstrated a rapid
movement upward in the water column shortly after dusk. It was surmised
.— that most pelagic fish were the young and adults of threadfin shad with
a smaller number of striped bass, carp, channel catfish, and perhaps
some sunfishes. The vast majority of pelagic fish were snail, averaging
_ 1.0 - 8.6 in ( 2.5 - 21.8 cm) in length though individuals longer than
<r~ 8.6 in (21.8 cm) were common and an occasional fish 24 in (61 cm) or
longer was observed.
r~ The combination of a deep water inlet-outlet structure, relatively
snail fish populations, and distinct upward movement of fish during
night in Virgin Canyon will minimize entrainment losses with operation
r- of SCPSP. This is a most important consideration, for fish mortalities
{ in pump-turbines at other pumped-storage facilities have become the
major environmental issues. Fall and winter periods will be more critical
than spring and summer for SCPSP. Also, lower Lake Mead elevations
f* will result in higher entrainment rates. For Lake Mead elevations of
i 1,164 - 1,210 ft (355 - 369 m), potential weekly entrainment rates were
estimated at about 850 fish in October and November, and 5,422 fish
r
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in January. This amounted to about 0.3 percent of the local fish
population during October and November, and about 5.4 percent in January
(local fish population was estimated for 5.231 x 10^  acre-ft of Lake
Head water). For Lake Mead elevations 1,082 - 1,164 ft (330 -355 m),
potential weekly entrainment rates were estimated at about 17,142 fish
in October and November, and about 8,326 fish in January. This amounted
to some 5.9 percent of the local fish population in October and November,
and about 8.3 percent in January. Entrainment and turbine passage will
result in considerable fish injury, and some level of mitigation may
be required.
The local fish population size of Virgin Canyon was estimated from
a volume representing approximately 2 percent of the entire Lake Mead
volume. Further, the Virgin Canyon area is not noted for fish
concentrations in Lake Mead, as are other areas such as the Overton
Arm and Las Vegas Bay. Provided that operation of SCPSP does not
significantly alter fish distribution in Lake Mead, nor produces a major
fish attractant, artificial fish predation by SCPSP should result in
no measurable diminishment of total Lake Mead fish populations though
local reductions in Virgin Canyon may occur.
Fall and winter behavior of largemouth bass and sunfishes nearshore
in Virgin Canyon will subject some individuals to entrainment and subse-
quent turbine injury and colonization of the forebay.
The Spring Canyon forebay will be colonized rapidly with fishes
from Virgin Canyon. Permanent, self-reproducing populations would be
uncommon and unlikely due to cool water temperatures during spawning
season and large, daily water level fluctuations. Some management and
stabilization of water in shallow coves at high forebay surface elevations
for fish propagation may be advisable.
The variety of fisheries methods, in addition to use of past Lake
Mead fisheries data, allowed for valid assessments of potential fisheries
impacts. It is recognized, however, that additional fisheries studies
are necessary to further define impacts should the Spring Canyon project
go forward in the future.
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Appendix A. Water temperature profiles (°C) at Temple Basin, Virgin
Canyon and Gregg Basin during May, 1986 through April, 1987.
r
Alr
Table Al . Water temperature profiles measured at three stations
on Lake Mead, May 17, 1986.
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Depth (m)
0
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9
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40
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Temple
Basin
19.4
19.4
19.4
19.3
19.3
19.3
19.2
19.1
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18.9
18.8
18.7
18.5
18.3
18.1
17.8
17.8
17.5
17.3
17.2
17.2
17.2
17.1
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16.4
16.1
15.9
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15.7
15.5
15.5
14.7
13.8
13.5
13.2
12.9
12.8
12.6
12.4
12.3
12.2
12.2
12.1
12.1
12.1
12.1
12.0
12.0
Virgin
Canyon
19.8
19.8
19.7
19.7
19.6
19.6
19.6
19.5
19.5
19.5
19.5
19.5
19.3
19.2
19.2
19.2
19.0
19.0
18.7
17.6
17.3
17.2
• 17.2
16.8
16.2
15.9
15.6
15.5
15.1
15.0
14.9
14.5
14.1
13.5
13.2
13.0
12.8
12.7
12.4
12.3
12.2
12.2
12.2
12.1
12.1
12.1
Gregg
Basin
19.8
19.2
18.8
18.7
18.5
18.4
18.2
18.2
18.0
18.0
17.7
17.5
16.7
16.5
16.3
16.2
16.1
16.1
16.1
16.0
15.8
15.7
15.6
15.6
15.3
15.3
15.2
15.1
15.0
15.0
14.9
14.6
14.4
14.3
14.1
13.4
13.0
12.8
12.6
12.4
12.4
12.3
A2
Table A2 . Water temperature profiles measured at three stations
on Lake Mead, June 16, 1986.
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
25.1
25.1
25.1
25.0
25.0
24.7
24.6
23.0
23.2
20.9
19.9
19.7
18.9
18.7
18.1
17.9
17.6
17.5
16.9
16.8
16.5
15.8
15.5
15.4
15.3
15.2
15.1
15.1
15.0
15.0
14.7
14.6
14.3
14.1
13.7
13.6
13.3
13.0
12.8
12.5
12.4
12.3
12.2
12.2
12.2
12.1
12.0
Virgin
Canyon
23.9
23.9
23.7
23.6
23.5
23.4
23.3
23.2
22.9
22.1
21.3
21.1
20.3
19.5
18.7
18.5
17.4
17.3
17.0
17.0
16.6
16.5
16.0
16.3
16.1
16.0
15.8
15.8
15.7
15.6
15.5
15.2
14.6
14.3
13.9
13.7
13.4
13.3
13.0
12.8
12.6
12.5
12.3
12.3
12.3
Gregg
Basin
25.8
25.5
25.4
25.1
25.0
24.6
24.5
23.6
22.6
20.3
19.0
18.5
18.1
17.6
17.4
16.6
16.5
16.1
16.0
15.9
15.9
15.8
15.7
15.5
15.5
15.5
15.5
15.5
15.5
15.4
15.4
15.3
15.0
14.8
14.4
13.7
13.0
12.8
12.6
12.5
12.4
12.4
12.4
r A3
Table A3. Water temperature profiles measured at three stations
on Lake Mead, July 18, 1986.
Depth (m)
0
1
2
3
A
5
6
7
8
9
10
11
12
13
1A
15
16
17
18
19
20
21
22
23
2A
25
26
27
28
29
30
35
AO
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
26.0
26.0
26.0
26.0
26.0
26.0
26.0
25.9
25. A
23. A
23.1
22.1
21.7
21.2
20. A
19.3
17.9
17.5
17.2
17.0
16.8
16.6
16.6
16.3
16.3
16.1
15.9
15.7
15.7
15. A
15.3
1A.9
1A.6
1A.1
13.7
13. A
13.0
12.7
12.5
12. A
12.3
12.2
12.1
12.1
12.0
12.0
12.0
Virgin
Canyon
25.7
25.7
25.6
25.6
25.6
25.5
25.3
25.0
2A.7
2A.A
23.9
23. A
22.9
22.2
20.5
20.2
20.0
19.7
19.5
19.5
19.2
18.3
18.2
18.0
17.2
16.9
15.9
15.8
15.8
15.6
15.6
1A.9
1A.6
1A.1
13.7
13.3
13.0
12.7
12.5
12. A
12.3
12.3
12.2
12.2
12.2
Gregg
Basin
27. A
26.5
26. A
26.1
26.0
26.0
25.9
25.8
25.7
2A.9
2A.1
23.7
21.8
20.0
19. A
18.8
18.3
18.1
18.0
17.9
17.8
17.6
16.9
17.5
17.5
17.3
17.1
17.0
16.8
16.6
16.5
15.5
1A.7
1A.2
13.6
13. A
13.1
12.9
12.7
12.6
12. A
12.5
r A4
Table A4 . Water temperature profiles measured at three stations
on Lake Mead, August 13, 1986.
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
28.7
28.7
28.7
28.7
28.7
28.6
28.6
28.5
27.8
26.8
26.3
25.8
24.8
23.6
22.7
21.8
21.2
20.7
20.3
18.5
18.3
18.1
18.0
17.9
17.8
17.7
17.2
16.8
16.7
16.4
16.3
15.7
15.2
14.8
14.0
13.6
13.4
13.2
13.1
12.8
12.7
12.6
12.5
12.4
12.4
12.3
12.3
Virgin
Canyon
28.4
28.1
27.8
27.7
27.7
27.6
27.1
26.7
26.7
26.3
25.4
25.1
23.9
23.2
22.0
20.7
20.5
20.0
19.9
19.7
19.4
19.0
18.7
18.6
18.5
18.5
18.4
18.2
18.0
17.5
16.8
15.8
15.3
14.7
14.2
13.7
13.4
13.1
13.0
12.8
12.7
12.7
12.6
12.5
12.5
Gregg
Basin
30.8
29.9
29.3
28.8
28.5
28.3
28.3
27.8
26.5
25.0
24.1
23.4
22.6
21.7
20.7
20.4
20.2
19.9
19.4
19.2
19.0
18.9
18.9
18.8
18.6
18.6
18.6
18.5
18.5
18.4
18.3
17.2
15.4
14.9
14.4
14.0
13.6
13.4
13.2
12.9
12.8
12.7
r A5
Table A5 . Water temperature profiles measured at three stations
on Lake Mead, September 12, 1986.
r
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
25.4
25.4
25.4
25.4
25.5
25.5
25.5
25.5
25.5
25.5
25,5
25.5
24.8
24.3
23.9
21.4
20.8
20.5
20.2
19.8
19.4
18.5
18.3
18.2
18.0
18.0
17.9
17.9
17.8
17.8
17.5
17.0
16.1
15.2
14.7
14.2
13.7
13.4
13.1
12.8
12.7
12.5
12.4
12.3
12.2
12.2
12.1
Virgin
Canyon
25.0
25.1
25.1
25.1
25.1
25.1
25.1
25.1
25.0
24.9
24.6
24.6
24.5
24.5
24.5
23.4
22.4
21.6
20.3
19.8
19.6
19.1
18.9
18.7
18.4
18.2
18.2
18.1
18.1
18.0
17.9
16.9
15.6
15.3
14.7
14.1
13.8
13.5
13.0
12.7
12.6
12.6
12.6
12.6
12.5
Gregg
Basin
26.6
25.9
25.7
25.5
25.5
25.5
25.3
25.3
25.1
25.0
25.0
24.7
23.8
22.4
22.2
21.2
19.9
19.5
19.3
18.7
18.6
18.6
18.5
18.5
18.5
18.5
18.4
18.3
18.3
18.2
18.1
17.8
17.2
15.0
14.6
14.1
13.8
13.5
13.2
13.0
12.8
12.7
A6
Table A6 . Water temperature profiles measured at three stations
on Lake Mead, October 17, 1986.
r
r
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
20.3
20.3
20.3
20.0
19.9
19.9
19.8
19.8
19.8
19.8
19.8
19.8
19.8
19.8
19.7
19.7
19.6
19.6
19.6
19.6
19.6
19.6
19.6
19.4
18.9
18.7
18.5
18.4
18.2
17.9
17.6
17.3
16.1
15.7
15.4
14.8
14.3
14.0
13.7
13.4
13.1
12.9
12.8
12.6
12.5
12.5
12.5
Virgin
Canyon
20.1
19.9
19.8
19.8
19.8
19.8
19.8
19.8
19.8
19.8
19.7
19.7
19.7
19.7
19.7
19.7
19.7
19.4
19.3
19.2
19.2
19.2
18.9
18.8
18.5
18.4
18.4
18.2
18.1
17.9
17.6
16.7
16.4
15.8
15.4
15.1
14.6
14.1
13.8
13.3
13.1
12.9
12.8
12.7
12.6
Gregg
Basin
19.6
19.6
19.6
19.7
19.6
19.6
19.6
19.6
19.6
19.7
19.6
19.7
19.7
19.7
19.7
19.7
19.7
19.7
19.5
19.5
19.4
18.8
18.4
18.3
18.2
18.0
17.9
17.6
17.5
17.4
17.2
16.6
16.3
16.0
15.9
15.5
14.8
13.9
13.5
13.3
13.1
12.9
A7
Table A7 . Water temperature profiles measured at three stations
on Lake Mead, November 14, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
17.3
17.4
17.4
17.4
17.5
17.4
17.4
17.4
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.4
16.7
16.3
15.8
15.5
15.0
14.9
14.4
14.1
14.0
13.5
13.1
13.1
12.8
12.7
12.6
12.6
Virgin
Canyon
17.5
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.5
17.5
17.2
17.2
17.0
17.0
16.9
16.9
16.2
16.7
16.5
16.5
16.4
16.1
15.7
15.2
15.1
14.7
14.6
14.0
13.9
13.3
13.1
13.0
Gregg
Basin
17.9
17.8
17.8
17.8
17.7
17.7
17.7
17.7
17.7
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.&
17.6
17.6
17.6
17.6
17.6
17.6
17.6
17.1
16.8
16.7
16.6
16.4
16.2
16.0
16.0
15.7
15.4
15.3
14.8
14.5
14.2
13.9
r AS
Table A8 . Water temperature profiles measured at three stations
on Lake Mead, December 12, 1986.
r
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
42.5
45
47.5
50
52.5
55
57.5
60
62.5
65
67.5
70
75
80
85
90
95
100
105
110
Temple
Basin
14.5
14.7
14.7
14.8
14.8
14.8
14.9
14.9
14.9
14.9
14.9
14.9
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
14.9
14.9
14.7
14.6
14.5
14.1
14.0
13.9
13.6
13.5
13.5
13.4
13.3
13.2
13.1
12.9
12.7
12.6
. 1.2.6
Virgin
Canyon
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
15.1
14.8
14.7
14.6
14.5
14.3
14.1
14.0
14.0
13.7
13.5
13.5
13.4
13.4
13.4
13.3
13.3
A9
Gregg
Basin
14.9
15.0
15.0
15.0
15.0
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.9
14.6
14.4
14.3
14.2
14.1
14.1
13.8
13.7
13.6
13.3
13.1
13.0
12.8
Table A9 . Water temperature profiles measured at three stations
on Lake Mead, January 14 - 15, 1987.
r
Depth (ra)
0
5
10
15
20
25
30
35
40
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
12.6
12.7
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.6
12.3
12.1
11.9
11.7
11.5
11.5
11.5
11.4
11.4
11.4
Virgin
Canyon
13.0
12.8
12.7
12.7
12.7
12.7
12.7
12.7
12.7
12.7
12.4
12.4
12.2
12.0
11.5
11.4
11.3
11.3
11.2
11.2
11.2
Gregg
Basin
12.6
12.5
12.5
12.5
12.5
12.5
12.4
12.4
12.3
11.9
11.8
11.7
11.4
11.3
11.0
10.9
10.8
10.7
p*
' A10
rr
r
Table A10. Water temperature profiles measured at three stations
on Lake Mead, February 12, 1987.
Depth (m)
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
13.1
12.6
12.4
12.3
12.3
12.3
12.2
12.2
12.2
12.2
11.8
11.7
11.5
11.5
11.4
11.0
10.9
10.9
10.8
10.7
10.7
10.7
10.7
Virgin
Canyon
13.1
12.6
12.4
12.3
12.2
12.2
12.2
12.1
12.0
11.8
11.6
11.5
11.4
11.2
11.1
11.0
10.8
10.8
10.7
10.5
10.5
Gregg
Basin
13.5
12.9
12.4
12.3
12.2
12.0
11.8
11.7
11.5
11.3
11.2
11.1
11.1
11.0
11.0
10.9
10.8
10.4
All
Table All. Water temperature profiles measured at three stations
on Lake Mead, March 20, 1987.
Depth (m)
0
1
2
3
A
5
10
15
20
25
30
35
AO
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
Temple
Basin
12.8
12.9
12.9
12.9
12.9
12.9
12.6
12.1
11.9
11.8
11.7
11.7
11.7
11.6
11.6
11.5
11.5
11.3
11.2
11.2
11.1
11.0
11.0
11.0
11.0
11.0
11.0
10.9
10.9
Virgin
Canyon
12.7
12.8
12.8
12.8
12.8
12.8
12.7
12.7
12.6
12.3
12.0
11.7
11.6
11.6
11.5
11.5
11. A
11.3
11.3
11.2
11.2
11.1
11.1
11.1
11.0
Gregg
Basin
13.6
13.5
13. A
13.3
13.3
13.3
13.3
13.2
13.0
12.5
12.1
11.9
11.8
11.6
11.5
11.5
11. A
11.3
11.2
11.1
11.1
11.0
r A12
Table A12. Water temperature profiles measured at three stations
on Lake Mead, April 17, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
18.7
18.7
18.7
18.0
17.7
17.0
16.8
16.3
16.1
15.6
15.4
15.1
14.9
14.7
14.6
14.5
14.2
13.8
13.6
13.4
13.2
13.1
13.1
13.0
13.0
12.9
12.9
12.8
12.8
12.7
12.7
12.4
12.2
12.0
12.0
11.8
11.7
11.6
11.6
11.5
11.4
11.4
11.4
11.4
11.4
11.4
11.4
Virgin
Canyon
18.4
18.0
17.9
16.5
16.2
16.1
16.0
15.8
15.7
15.7
15.3
15.0
14.4
14.2
14.1
13.8
13.7
13.4
13.3
13.2
13.1
13.0 .
12.9
12.9
12.9
12.8
12.7
12.7
12.7
12.7
12.6
12.4
12.3
12.2
11.9
11.9
11.8
11.7
11.6
11.5
11.5
11.5
11.4
11.4
11.4
Gregg
Basin
18.8
18.6
18.4
17.2
16.9
16.7
16.6
15.7
15.7
15.5
15.4
15.1
15.1
14.8
14.6
14.2
14.1
14.0
13.9
13.6
13.5
13.3
13.3
13.3
13.3
13.3
13.3
13.2
13.1
12.9
12.8
12.8
12.7
12.5
12.3
12.1
12.0
11.9
11.8
11.7
11.6
11.4
r A13
Appendix B. Dissolved oxygen profiles (ppm) at Temple Basin, Virgin
Canyon and Gregg Basin, Lake Mead, during May, 1986
through April, 1987.
Bl
r
Table Bl. Dissolved oxygen profiles measured at three stations
on Lake Mead, May 17, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
Temple
Basin
7.5
7.6
8.0
8.5
8.6
8.5
8.5
8.3
8.2
8.1
8.0
8.0
8.2
8.3
8.5
8.5
8.8
8.3
7.8
7.2
7.1
6.9
6.6
6.7
6.5
6.4
6.6
6.5
6.3
6.3
6.3
6.1
6.2
5.9
5.8
5.7
5.5
5.5
5.6
5.5
5.4
5.4
5.5
5.0
5.7
5.3
5.6
4.9
4.4
4.8
Virgin
Canyon
10.5
10.1
10.2
10.2
10.1
10.2
10.2
10.1
10.1
10.1
9.9
9.9
9.9
9.9
9.9
9.9
9.9
10.0
9.9
9.2
9.2
9.4
9.4
9.0
9.0
8.9
8.9
8.9
9.0
9.2
9.3
9.2
9.1
8.9
8.9
8.8
8.8
8.7
8.7
8.5
8.6
8.4
8.5
8.5
8.6
7.5
Gregg
Basin
9.1
9.2
9.3
9.7
9.8
9.6
9.6
9.6
9.5
9.4
9.4
9.3
8.7
8.8
8.8
8.8
8.8
8.9
8.9
8.9
8.9
9.0
9.0
9.2
9.2
9.3
9.3
9.2
9.2
9.3
9.4
9.3
9.2
9.1
9.0
8.7
8.5
8.3
8.1
8.3
8.0
7.9
.,
B2
Table B3. Dissolved oxygen profiles measured at three stations
on Lake Mead, July 18, 1986.
Depth (m)
0
1
2
3
A
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.9
8.9
9.0
9.0
8.9
9.0
9.0
9.0
9.3
10.3
10.0
9.9
9.7
9.7
9.4
9.2
9.0
9.1
9.1
9.2
9.1
9.2
9.2
9.3
9.3
9.2
9.1
9.2
9.1
9.1
9.0
9.1
9.0
9.0
9.0
8.9
8.8
8.7
8.7
8.6
8.5
8.4
8.4
8.5
8.5
8.4
8.2
Virgin
Canyon
9.5
9.3
9.2
9.1
9.0
9.1
9.1
9.2
9.2
9.3
9.3
9.4
9.5
9.4
9.2
9.2
9.2
9.2
9.2
9.2
9.0
9.1
9.1
9.1
9.2
9.2
9.4
9.4
9.4
9.4
9.4
9.4
9.3
9.2
9.1
8.9
8.8
8.6
8.2
7.9
7.7
7.6
7.4
7.5
7.5
Gregg
Basin
9.0
9.1
9.3
9.3
9.2
9.2
9.2
9.1
9.0
9.2
9.7
9.6
9.3
9.2
9.1
9.1
8.9
9.0
8.9
8.9
9.0
8.9
9.1
8.9
9.0
8.9
9.0
9.1
9.1
9.1
9.2
9.3
9.5
9.3
9.0
9.0
8.6
8.4
8.4
8.3
8.4
6.4
r B3
Table B4 . Dissolved oxygen profiles measured at three stations
on Lake Mead, August 13, 1986.
r
Depth (m)
0
1
2
3
A
5
6
7
8
9
10
11
12
13
1A
15
16
17
18
19
20
21
22
23
2A
25
26
27
28
29
30
35
AO
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.2
8.1
8.0
8.0
8.1
8.0
7.9
8.0
8.1
8.2
8.3
8.0
7.8
7.5
7.2
7. A
7.3
7.3
7.5
6.9
7.2
7. A
7.8
7.8
7.7
7.8
7.5
7. A
7. A
7.2
7.2
7.1
7.2
7.3
7.2
7.3
7.2
7. A
7.1
6.9
6.7
6.6
6.8
7.0
7.0
6.9
12.3
Virgin
Canyon
8.5
9.2
9.7
9.6
10.1
10.3
10.6
10.5
9.9
10.7
8.9
8.9
8.3
8.3
8.5
7.7
8.1
7.9
7.9
8.1
8.2
8.2
8.2
8.3
8.3
8. A
8. A
8.3
8.0
7.9
7.6
6.7
7.3
7.1
7. A
7.2
7.0
7.1
6.9
6.5
6. A
6.5
6.6
6.6
6. A
Gregg
Basin
7.7
8.0
8.6
9.3
9.7
10.0
10.3
10.0
10.8
10.5
10.9
10.8
10.6
9. A
9. A
8.2
8.5
8. A
8. A
8.2
8.1
8.3
8.2
8.2
8.2
8.3
8.2
8.3
7.7
7.7
7.5
7.6
7.3
7.5
7. A
7. A
7.1
6.9
7.1
6.1
5.5
A. 5
r
P4
Table B5. Dissolved oxygen profiles measured at three stations
on Lake Mead, September 12, 1986.
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
7.9
8.0
7.9
7.9
7.9
7.9
7.9
7.8
7.9
7.8
7.8
7.9
7.7
7.8
7.7
7.3
7.9
7.9
8.0
7.9
8.0
8.0 ,
8.1
8.1
8.0
8.0
8.0
8.0
8.0
8.0
7.9
7.6
7.0
7.2
7.4
7.5
7.5
7.5
7.3
7.1
6.8
6.6
6.4
6.4
6.4
6.3
6.4
Virgin
Canyon
8.9
8.9
8.8
8.8
8.8
8.8
8.8
8.7
8.7
8.4
8.2
8.1
8.1
8.0
8.0
7.9
8.0
8.0
8.2
8.3
8.3
8.3
8.3
8.3
8.3
8.4
8.4
8.4
8.4
8.4
8.3
8.0
7.2
7.2
7.6
7.7
7.6
7.4
6.8
6.1
5.7
5.6
5.4
5.3
5.1
Gregg
Basin
9.0
9.1
9.1
8.9
8.9
8.7
8.4
8.4
8.2
8.2
8.1
8.1
7.9
8.0
8.1
8.1
8.3
8.3
8.3
8.4
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.4
8.1
8.0
7.9
7.7
7.0
7.1
6.7
6.5
5.7
4.7
r
B5
Table B6. Dissolved oxygen profiles measured at three stations
on Lake Mead, October 17, 1986.
r-
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
9.0
9.0
8.9
8.9
8.7
8.7
8.8
8.8
8.8
8.8
8.8
8.8
8.8
8.8
8.7
8.6
8.5
8.4
8.5
8.2
8.2
8.4
8.3
7.9
7.4
7.4
7.4
7.5
7.3
7.5
7.7
7.7
8.1
8.3
7.8
6.9
7.0
7.1
7.1
7.0
6.6
6.1
5.9
5.9
6.0
6.1
6.1
Virgin
Canyon
9.3
8.9
8.9
8.6
8.6
8.6
8.4
8.6
8.6
8.5
8.5
8.5
8.3
8.3
8.2
8.3
7.6
7.3
7.4
7.4
7.5
7.5
7.5
7.2
7.3
7.4
7.5
7.7
7.6
7.5
8.0
7.8
8.3
8.1
7.7
7.2
7.3
6.9
6.7
6.2
6.1
5.5
5.4
5.2
5.2
Gregg
Basin
9.1
9.0
8.7
8.6
8.5
8.5
8.2
8.3
8.7
8.4
8.4
8.5
8.6
8.5
8.5
8.5
8.3
8.2
7.6
7.6
7.6
6.9
7.0
7.2
7.0
7.7
8.0
7.9
8.2
8.4
8.4
8.0
8.3
8.3
8.1
7.9
6.8
5.8
5.4
5.3
4.7
3.4
r
B6
Table B7. Dissolved oxygen profiles measured at three stations
on Lake Mead, November 14, 1986.
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
9.1
9.3
9.3
9.4
9.4
9.4
9.5
9.4
9.4
9.6
9.6
9.6
9.5
9.5
9.6
9.6
9.1
9.2
8.8
8.8
8.9
8.9
8.8
8.8
8.8
8.9
8.6
8.6
8.7
8.7
8.8
8.3
8.3
8.4
8.6
8.6
8.0
7.6
7.5
7.6
7.3
6.8
6.6
6.5
6.4
6.6
6.7
Virgin
Canyon
9.1
9.1
9.0
9.1
9.1
9.1
9.1
9.0
9.0
9.0
9.0
9.0
9.0
9.0
8.9
8.9
9.0
8.9
8.9
8.8
8.8
8.7
8.7
8.6
8.5
8.3
8.7
8.6
8.7
8.8
8.8
9.0
9.1
9.0
9.1
9.1
9.1
9.0
8.6
8.2
7.3
7.1
6.5
5.9
5.5
5.1
5.4
Gregg
Basin
9.3
9.1
9.1
9.2
9.2
9.1
9.1
9.1
9.0
9.1
9.0
9.1
9.0
9.0
8.9
8.9
8.8
8.8
8.7
8.6
8.6
8.7
8.7
8.6
8.6
8.5
8.4
8.2
7.9
8.1
8.3
8.6
8.6
8.3
8.4
8.8
8.7
9.1
9.3
8.5
8.5
6.7
5.8
r
B7
Table B8. Dissolved oxygen profiles measured at three stations
on Lake Mead, December 12, 1986.
r
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
42.5
45
47.5
50
52.5
55
57.5
60
62.5
65
67.5
70
75
80
85
90
95
100
105
110
Temple
Basin
9.0
8.9
8.9
8.9
8.8
8.9
8.9
8.7
8.8
8.7
8.6
8.3
8.2
8.6
8.7
8.7
8.5
8.5
8.4
8.5
8.5
- 8.5
8.3
8.5
8.4
8.4
8.4
8.5
8.5
8.4
8.3
8.0
8.4
8.4
7.9
7.9
8.5
8.5
8.3
8.3
8.4
8.8
8.7
8.7
8.9
8.8
7.0
5.9
4.9
5.1
5.2
5.3
Virgin
Canyon
8.8
9.0
9.1
9.2
9.2
9.1
9.0
8.8
8.6
8.4
8.5
8.6
8.6
8.9
8.6
8.4
8.6
8.6
8.4
8.7
8.5
8.5
8.4
8.5
8.6
8.8
8.5
8.2
8.3
8.5
8.6
8.7
8.4
8.5
8.3
8.9
8.9
9.0
9.1
9.1
9.3
9.2
9.2
9.3
9.3
9.3
9.2
9.3
9.3
Gregg
Basin
9.9
9.4
9.5
9.5
9.4
9.5
9.2
9.0
8.9
8.9
8.8
8.6
8.5
8.4
8.4
8.3
8.2
8.6
8.7
8.5
8.4
8.5
8.1
8.4
8.2
8.4
8.3
8.2
8.1
8.1
8.4
8.4
8.3
8.6
8.1
8.6
8.8
8.7
8.8
8.5
8.9
8.7
8.5
9.1
9.3
B8
Table B9- Dissolved oxygen profiles measured at three stations
on Lake Mead, January 14 - 15, 1987.
Depth (m)
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
9.2
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.4
9.5
9.5
9.6
9.6
9.6
9.7
9.7
9.7
Virgin
Canyon
9.4
9.3
9.2
9.2
9.2
9.2
9.1
9.1
9.2
9.2
9.3
9.3
9.4
9.5
9.6
9.7
9.7
9.7
9.7
9.7
9.7
Gregg
Basin
9.5
9.5
9.4
9.4
9.4
9.4
9.4
9.4
9.4
9.6
9.7
9.7
9.8
9.9
10.0
10.0
10.1
10.2
r
B9
Table BIO. Dissolved oxygen profiles measured at three stations
on Lake Mead, February 12, 1987.
Depth (m)
0
5
10
15
20
25
30
35
40
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
11.5
11.1
11.0
11.0
10.9
11.0
10.9
10.9
11.0
10.6
10.6
10.7
10.8
10.9
11.0
11.3
11.4
11.5
11.4
11.5
11.4
10.3
11.3
Virgin
Canyon
10.8
10.7
10.5
10.5
10.3
10.3
10.2
10.3
10.3
10.4
10.7
10.9
10.9
11.1
11.2
11.4
11.4
11.4
11.5
11.3
11.3
Gregg
Basin
10.5
10.5
10.2
10.2
10.2
10.0
10.2
10.3
10.6
10.6
10.7
10.9
11.2
11.3
11.2
11.1
11.3
10.3
r
r
BIO
Table Bll. Dissolved oxygen profiles measured at three stations
on Lake Mead, March 20, 1987.
Depth (m)
0
1
2
3
A
5
10
15
20
25
30
35
AO
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
Temple
Basin
11. A
11.5
11.7
11.0
11.0
11.0
10.7
10. A
10.5
10.5
10. A
10. A
10. A
10. A
10. A
10.5
10.5
10.5
10.7
10.6
10.6
10.7
10.7
10.7
10.8
10.8
10.8
10.7
10.7
Virgin
Canyon
10.9
10.7
10.7
10.6
10.6
10.6
10.6
10.6
10.5
10. A
10.3
10.2
10.2
10.3
10. A
10.5
10.5
10.6
10.7
10.7
10.8
10.8
10.8
10.8
10.7
Gregg
Basin
11.1
10.6
10.7
10.6
10.7
10.6
10.5
10.5
10. A
10.3
10.3
10. A
10.5
10.5
10.6
10.7
10.7
10.8
10.7
10.8
10.8
10.7
r Bll
Table B12. Dissolved oxygen profiles measured at three stations
on Lake Mead, April 17, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
Temple
Basin
10.4
10.5
10.6
10.5
10.7
10.6
10.7
10.8
11.0
11.0
11.0
10.9
11.0
10.9
11.0
11.0
11.0
10.7
10.7
10.7
10.6
10.6
10.6
10.6
10.6
10.6
10.6
10.6
10.7
10.7
10.6
10.6
10.5
10.6
10.5
10.5
10.5
10.6
10.7
10.8
10.7
10.7
10.8
10.8
10.8
Virgin
Canyon
9.9
10.2
10.7
10.7
10.8
10.8
11.0
11.0
10.9
10.9
10.9
10.8
10.8
10.8
10.9
10.8
10.7
10.6
10.5
10.5
10.5
10.5
10.6
10.6
10.6
10.6
10.6
10.6
10.5
10.6
10.6
10.6
10.6
10.6
10.7
10.7
10.7
10.7
10.7
10.7
10.7
10.6
10.5
10.4
10.4
Gregg
Basin
10.7
10.5
10.5
10.3
10.6
10.7
10.8
10.6
10.6
10.6
10.7
10.7
10.7
10.6
10.5
10.5
10.5
10.6
10.5
10.5
10.4
10.5
10.6
10.7
10.8
10.8
10.8
10.8
10.8
10.7
10.7
10.8
10.8
10.8
10.6
10.6
10.6
10.6
10.5
10.5
10.3
9.8
r
B12
Appendix C. Hydrogen ion (pH) profiles at Temple Basin, Virgin Canyon
and Gregg Basin, Lake Mead, during May, 1986 through April, 1987,
Cl
r
Table Cl. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, May 17, 1986.
r
Temple
Depth (m) Basin
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
125 r?
Virgin
Canyon
7.8
7.8
7.8
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.8
7.8
7.8
7.8
7.9
7.9
7.8
7.8
7.7
7.7
7.7
7.7
7.6
7.6
7.5
7.5
7.5
7.5
7.5
7.5
7.4
7.4
7.4
7.4
7.4
7.4
7.3
7.3
7.3
7.3
7.3
Gregg
Basin
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.0
8.0
7.9
7.9
7.9
7.9
7.8
7.8
7.8
7.7
7.7
7.7
7.6
7.6
7.6
7.6
7.6
7.6
7.5
7.5
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.4
7.3
7.3
7.3
Table C2. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, June 16, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.0
8.0
7.9
7.9
7.9
7.8
7.8
7.8
7.8
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.7
Virgin
Canyon
8.1
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.1
8.0
8.0
8.0
8.0
7.9
7.9
7.8
7.8
7.7
7.7
7.7
7.7
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.5
7.4
7.5
7.5
7.5
7.5
7.5
Gregg
Basin
8.1
8.1
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.0
8.0
7.9
7.9
7.8
7.8
7.7
7.7
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.7
7.7
7.7
7.7
7.7
7.6
7.6
7.6
7.6
7.6
7.6
7.5
C3
Table C3- Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, July 18, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.4
8.4
8.4
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
Virgin
Canyon
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.4
8.5
8.4
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.0
8.0
8.0
8.0
Gregg
Basin
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.4
8.4
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.2
8.0
C4
Table C4. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, August 13, 1986.
Depth (ra)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.0
8.0
7.9
7.9
7.8
7.8
7.8
7.7
7.7
7.7
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.6
7.7
7.7
7.7
7.7
7.7
7.7
7.7
7.6
7.7
7.7
7.7
7.7
12.3
Virgin
Canyon
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.0
7.9
7.9
7.9
7.8
7.8
7.8
7.8
7.8
7.8
7.9
7.9
7.9
7.9
7.9
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.6
7.7
7.7
7.7
7.7
7.7
7.7
7.7
Gregg
Basin
8.1
8.1
8.1
8.1
8.0
8.0
8.0
8.0
8.0
7.9
7.9
7.9
7.8
7.7
7.6
7.5
7.5
7.5
7.7
7.7
7.7
7.7
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.8
7.7
7.7
7.7
7.7
7.6
7.6
7.5
7.5
C5
r
Table C5- Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, September 12, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.4
8.4
8.4
8.4
8.4
8.4
8.4
8.4
8.4
8.4
8.4
8.4
8.4
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
7.9
7.9
7.9
7.9
7.9
Virgin
Canyon
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.4
8.4
8.4
8.4
8.4
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.0
8.0
8.0
8.0
8.0
8.0
8.0
7.9
7.9
7.9
7.8
7.8
7.8
Gregg
Basin
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.5
8.4
8.4
8.4
8.4
8.4
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.1
8.0
8.0
8.0
8.0
7.9
7.9
7.8
r
C6
Table C6. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, October 17, 1986.
Depth (m)
0
1
2
3
A
5
6
7
8
9
10
11
12
13
1A
15
16
17
18
19
20
21
22
23
2A
25
26
27
28
29
30
35
AO
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.2
8.1
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.3
8.3
8.3
8.3
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.0
7.9
7.9
7.9
7.9
7.9
7.8
7.8
7.7
7.8
7.8
7.8
7.8
Virgin
Canyon
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.0
7.9
7.9
7.9
7.8
7.8
7.7
7.7
7.7
7.7
Gregg
Basin
8. A
8. A
8. A
8. A
8. A
8. A
8. A
8. A
8. A
8. A
8.5
8. A
8. A
8. A
8. A
8. A
8. A
8. A
8. A
8. A
8. A
8.3
8.3
8.2
8.2
8.2
8.2
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.1
8.0
7.9
7.8
7.8
7.7
7.5
r
C7
Table C7. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, November 14, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.1
8.1
8.1
8.1
7.9
7.8
7.8
7.8
7.8
7.7
7.7
7.7
7.7
7.7
7.7
Virgin
Canyon
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.1
8.0
7.9
7.8
7.7
7.6
7.6
7.6
7.6
Gregg
Basin
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.3
8.2
8.2
8.2
8.2
8.3
8.2
8.3
8.2
8.1
7.9
7.7
7.5
r
C8
Table C8. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, December 12, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
42.5
45
47.5
50
52.5
55
57.5
60
62.5
65
67.5
70
75
80
85
90
95
100
105
110
Temple
Basin
8.4
8.4
8.4
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
7.9
7.9
7.9
7.9
7.9
7.9
7.8
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.9
7.8
7.8
7.6
7.5
7.4
7.4
7.4
7.4
Virgin
Canyon
8.2
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.0
8.0
8.0
8.0
8.0
8.0
8.0
Gregg
Basin
8.1
8.2
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
8.0
7.9
7.9
7.9
8.0
7.9
7.9
7.9
7.9
7.9
7.9
7.9
C9
Table C9. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, January 14 - 15, 1987.
Depth (m)
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.3
8.2
8.3
8.3
8.3
8.3
8.3
8.3
8.3
Virgin
Canyon
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
Gregg
Basin
8.4
8.4
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
CIO
rTable CIO. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, February 12, 1987.
Depth (m)
0
5
10
15
20
25
30
35
40
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
Virgin
Canyon
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
Gregg
Basin
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
Cll
Table Cll. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, March 20, 1987.
r
r
Depth (ra)
0
1
2
3
4
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75"
80
85
90
95
100
105
110
115
120
Temple-
Basin
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
Virgin
Canyon
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
Gregg
Basin
8.1
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
C12
Table C12,. Hydrogen ion (pH) profiles measured at three stations
on Lake Mead, April 17, 1986.
r
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
8.3
8.3
8.3
8.4
8.4
8.4
8.4
8.4
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
Virgin
Canyon
7.8
7.8
7.8
7.9
8.0
8.0
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.2
8.2
8.2
8.2
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.1
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
Gregg
Basin
8.3
8.3
8.4
8.4
8.4
8.4
8.4
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.2
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.3
8.2
8.2
8.2
8.2
8.2
8.1
C13
Appendix D. Conductivity profiles (umhos cm~l) in Temple Basin,
Virgin Canyon and Gregg Basin, Lake Mead, during May,
1986 through April, 1987.
Dl
Table Dl . Conductivity profiles measured at three stations
on Lake Mead, May 17, 1986.
Depth (ra)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
2A
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
' 125
Temple
Basin
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
820
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
820
820
810
810
810
800
800
800
800
790
790
790
790
790
790
800
790
790
Virgin
Canyon
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
810
800
800
800
810
810
820
820
820
820
810
810
810
800
800
800
800
800
800
Gregg
Basin
800
800
800
800
800
800
800
800
800
810
800
810
810
810
810
810
810
810
810
800
800
800
800
800
800
800
800
800
800
800
790
790
800
810
820
820
820
820
820
820
820
820
D2
Table D2. Conductivity profiles measured at three stations
on Lake Mead, June 16, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
785
785
784
784
783
783
783
778
774
772
770
754
753
747
738
737
732
736
735
733
730
727
722
721
730
726
732
729
731
728
731
735
746
757
767
768
767
767
764
760
760
758
756
755
756
756
756
Virgin
Canyon
781
780
111
111
776
775
773
772
768
763
755
753
747
742
733
726
722
720
718
715
713
713
711
710
708
709
710
710
710
710
712
719
730
741
755
763
767
767
765
764
763
762
760
759
758
Gregg
Basin
767
767
766
766
766
766
765
757
757
739
736
731
723
719
713
707
701
703
703
703
702
702
702
701
701
702
702
701
701
701
703
705
712
720
728
756
768
768
766
767
769
770
776
r 03
Table D3. Conductivity profiles measured at three stations
on Lake Mead, July 18, 1986.
Depth (m)
0
1
2
3
A
5
6
7
8
9
10
11
12
13
1A
15
16
17
18
19
20
21
22
23
2A
25
26
27
28
29
30
35
AO
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
855
856
85A
85A
85A
855
855
855
853
825
813
799
789
779
763
756
7A6
7A2
736
736
739
738
7A1
7A3
7A6
7A7
753
751
757
759
771
776
788
799
815
821
820
818
817
818
81A
815
815
81A
813
802
808
Virgin
Canyon
8A2
8AA
84A
8AA
8AA
8AA
SAO
828
825
818
808
792
778
756
756
750
753
751
7A7
7A8
7A2
739
739
739
739
739
7AA
7AA
7A6
7A7
750
765
779
799
812
819
819
820
82A
826
822
821
822
818
817
Gregg
Basin
806
808
809
811
812
815
816
817
818
813
790
778
761
7A9
7AA
7A1
737
735
736
735
73A
733
727
733
731
730
730
731
732
732
730
7A5
770
787
809
81A
817
820
821
828
822
828
r D4
Table D4. Conductivity profiles measured at three stations
on Lake Mead, August 13, 1986.
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
841
842
842
842
842
842
842
839
837
829
821
824
810
792
768
760
750
746
741
736
733
733
731
732
732
732
733
734
734
737
739
756
771
779
800
805
806
805
805
804
804
804
802
800
799
798
799
Virgin
Canyon
831
832
828
829
828
827
814
803
801
796
784
781
773
763
749
742
740
736
737
736
732
731
729
729
729
729
730
730
730
732
736
752
761
780
790
799
803
807
808
809
809
809
807
806
805
Gregg
Basin
801
797
798
800
802
801
803
804
787
774
762
759
748
744
741
740
737
733
729
728
727
726
727
726
727
728
727
730
728
728
729
727
759
770
780
790
799
804
807
811
814
814
r
D5
Table 05. Conductivity profiles measured at three stations
on Lake Mead, September 12, 1986.
Depth (m)
0
1
2
3
A
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
799
800
801
801
801
801
801
801
801
801
801
800
779
770
753
727
713
710
708
705
703
696
699
697
698
696
697
695
698
698
698
697
714
727
735
751
756
759
762
760
766
760
763
766
766
760
762
Virgin
Canyon
770
770
770
771
771
771
770
770
771
770
774
774
774
774
774
760
737
728
710
708
704
700
702
700
698
697
697
695
698
695
697
701
715
718
737
744
751
754
760
766
769
768
764
763
765
Gregg
Basin
766
756
764
766
765
763
765
763
761
761
760
760
748
733
727
717
707
700
703
701
699
697
698
698
699
699
699
697
698
696
696
694
696
723
730
740
745
755
760
763
766
771
I \-L\J / U£
06
r
Table D6 . Conductivity profiles measured at three stations
on Lake Mead, October 17, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
756
756
756
756
756
756
757
756
757
758
757
757
757
758
759
759
760
761
760
760
761
760
760
756
731
724
720
718
713
710
708
708
705
707
720
744
754
758
763
766
768
769
775
769
770
770
770
Virgin
Canyon
752
752
752
752
752
753
753
753
753
753
753
753
753
753
753
753
747
741
739
735
734
733
729
724
722
721
720
719
716
715
713
706
703
703
711
721
740
752
759
766
768
770
771
771
772
Gregg
Basin
745
746
746
747
747
747
747
747
746
746
746
746
746
746
746
746
746
746
743
740
740
727
723
718
717
717
715
713
713
712
710
705
702
701
700
704
729
755
765
767
772
775
D7
Table D7, Conductivity profiles measured at three stations
on Lake Mead, November 14, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
788
788
788
787
788
787
786
787
786
787
786
787
786
786
786
786
786
786
786
786
786
786
786
786
786
786
786
786
786
786
786
751
742
741
740
749
763
789
796
798
801
803
806
805
805
806
806
Virgin
Canyon
783
783
784
783
783
783
783
783
783
783
783
783
784
783
783
782
782
782
782
781
780
778
769
762
760
759
757
755
754
752
751
750
750
749
744
739
740
743
752
761
787
792
803
807
808
809
Gregg
Basin
778
778
778
778
778
778
778
778
778
778
778
778
778
778
778
777
111
111
777
111
111
111
111
111
111
111
776
768
753
749
747
757
748
742
740
740
744
745
745
743
753
775
803
807
D8
Table 08. Conductivity profiles measured at three stations
on Lake Mead, December 12, 1986.
r
r
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
42.5
45
47.5
50
52.5
55
57.5
60
62.5
65
67.5
70
75
80
85
90
95
100
105
110
Temple
Basin
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
770
760
760
750
750
750
750
740
740
740
740
740
750
770
790
810
810
810
810
Virgin
Canyon
770
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
780
775
780
780
780
780
780
780
780
780
780
780
780
780
780
770
760
760
760
750
750
750
750
740
740
740
740
740
740
740
730
Gregg
Basin
760
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
770
760
750
750
750
750
750
740
740
740
730
730
730
730
D9
Table D9. Conductivity profiles measured at three stations
on Lake Mead, January 14 - 15, 1987.
Depth (m)
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
776
776
775
775
775
775
778
772
776
775
775
765
763
738
735
732
730
723
721
723
721
718
717
Virgin
Canyon
764
764
762
763
764
762
760
762
758
760
751
743
742
735
721
720
719
714
715
714
712
Gregg
Basin
761
759
759
760
760
758
758
757
750
745
739
739
722
721
719
716
712
710
D10
Table D10. Conductivity profiles measured at three stations
on Lake Mead, February 12, 1987.
r
Depth (m)
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
764
764
764
764
764
764
764
764
765
769
753
753
742
740
737
722
719
718
718
717
717
718
720
Virgin
Canyon
760
760
760
761
762
764
767
766
759
748
740
734
731
726
722
719
717
715
714
712
712
Gregg
Basin
753
752
752
751
750
746
740
735
730
729
725
723
721
720
719
717
714
Dll
rr
Table Dll. Conductivity profiles measured at three stations
on Lake Mead, March 20, 1987.
Depth (m)
0
1
2
3
A
5
10
15
20
25
30
35
AO
A5
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
Temple
Basin
761
759
759
758
758
758
756
760
761
761
762
76A
766
769
762
758
753
7AO
733
73A
73A
738
739
7AO
7A3
7A7
7A8
7A7
7A8
Virgin
Canyon
7A5
7A5
7A5
7A5
7A5
7A5
7AA
7AA
7A3
738
736
736
733
732
732
732
733
739
7A1
750
753
757
759
759
760
Gregg
Basin
7A3
7A2
7A2
7A2
7A3
7A3
7AA
7A7
7A5
7A6
7A8
7A8
7A5
7AA
7A7
759
762
762
763
765
766
767
D12
Table D12- Conductivity profiles measured at three stations
on Lake Mead, April 17, 1986.
Depth (m)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
Temple
Basin
740
741
741
737
738
740
740
741
741
747
748
749
750
749
748
748
743
739
739
740
743
744
745
744
745
745
745
746
746
744
743
730
731
727
726
726
726
726
726
727
727
727
728
728
728
729
729
Virgin
Canyon
738
737
737
735
734
733
734
733
733
733
733
733
732
731
731
732
732
732
732
732
732
731
732
733
733
734
735
736
736
736
738
746
749
748
742
738
735
733
733
733
734
735
736
737
738
Gregg
Basin
737
739
738
737
737
737
738
734
737
738
741
739
738
738
739
736
736
736
735
734
741
747
753
765
765
771
773
770
765
763
754
782
795
792
780
773
765
761
755
745
744
741
ri
Appendix E. Total dissolved solids and ionic composition (mg/1) from
surface and 70 m depths in Gregg Basin and Temple Basin,
Lake Mead, during May, 1986 through April, 1987.
El
r
Table El. Total dissolved solids and ionic composition (mg/1) from the surface and 70 m depths in Gregg Basin, Lake Mead,
during May, 1986, through April, 1987.
rv>
Month
Ion -
aTDS
Na -
K -
Ca -
Mg -
C03 -
HC03
Cl -
S04 -
• Depth (m) May
- 0
70
0
70
0
70
0
70
0
70
0
70
- 0
70
0
70
0
70
508
508
61
63
4
4
67
66
23
24
12
0
144
173
53
53
190
190
Jun
504
517
62
61
4
4
62
68
24
25
0
0
142
181
51
52
204
185
Jul
495
494
53
62
4
4
64
71
23
23
22
0
102
173
48
45
221
206
Aug
507
520
64
63
4
3
60
69
28
23
17
0
102
129
45
50
204
199
Sep
513
512
66
62
4
3
63
67
24
24
0
0
149
183
55
54
216
192
Oct
473
497
58
58
3
3
64
68
24
24
0
0
151
171
48
46
199
199
Nov
528
511
62
56
4
3
67
63
25
22
0
0
156
159
48
50
194
175
Dec
476
469
59
54
3
3
62
60
22
21
0
0
166
146
46
43
180
154
Jan
453
447
61
58
4
3
63
60
22
21
0
0
156
154
46
43
182
168
Feb
487
455
59
56
4
4
68
62
25
21
0
0
163
156
50
51
192
173
Mar
502
495
60
61
4
3
64
65
23
23
0
0
173
173
55
53
182
182
Apr
489
521
61
62
3
3
65
66
23
23
0
0
166
166
55
59
190
180
Range
453 -
455 -
58 -
54 -
3 -
3 -
60 -
60 -
22 -
21 -
0 -
0 -
102 -
129 -
45 -
43 -
180 -
154 -
528
521
66
63
4
4
68
71
28
25
22
0
173
183
55
59
221
206
a Total dissolved solids, mg/1.
Table E2. Total dissolved solids and ionic composition (mg/1) from the surface and 100 m depths in Temple Basin, Lake Mead,
during May, 1986, through April, 1987.
Month
Ion -
aTDS
Na -
K -
Ca -
Mg -
C°s -
HC03
CL -
S04 -
• Depth (m)
- 0
100
0
100
0
100
0
100
0
100
0
100
- 0
100
0
100
0
100
May
516
498
61
61
4
3
71
68
23
24
0
0
163
163
53
50
192
173
Jun Jul
523
454
67
58
5
4
70
68
24
22
17
0
120
146
55
50
223
178
Aug
534
509
71
68
4
3
67
70
24
23
10
0
127
176
56
50
216
197
Sep
536
515
67
63
4
4
64
67
25
24
7
0
127
178
59
52
221
194
Oct
488
523
59
59
3
3
66
70
24
24
0
0
144
173
50
55
209
192
Nov
563
561
59
60
4
3
66
69
23
23
0
0
156
161
55
62
202
197
Dec
506
561
60
61
3
3
65
67
23
24
0
0
161
166
55
55
182
180
Jan
482
458
62
58
4
4
66
61
22
21
0
0
159
156
50
46
187
168
Feb
497
460
55
54
3
3
70
68
23
24
0
0
166
166
51
44
199
175
Mar
502
491
59
59
3
3
65
64
23
23
0
0
159
163
48
46
185
180
Apr
507
506
59
59
3
3
66
64
23
23
0
0
161
171
48
48
182
173
Range
482 -
454 -
55 -
54 -
3 -
3 -
64 -
61 -
23 -
21 -
0 -
0 -
120 -
146 -
48 -
44 .
182 -
168 -
563
561
71
68
5
4
70
70
25
24
17
0
166
178
59
62
223
197
a Total dissolved solids, mg/1.
Appendix F. Average densities (No/m3) of zooplankton in Virgin Canyon,
Lake Mead.
Fl
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Table Fl. Average monthly densities (No/m3) of total zooplankton
in Virgin Canyon, Lake Mead, during May, 1986 through
April, 1987.
Depth Zone (m)
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
31,977
86,664
33,690
15,060
23,393
23,324
5,083
5,020
11,352
10,222
47,326
26,644
10-20
7,028
9,576
22,050
6,246
6,106
6,043
4,782
3,294
4,913
9,262
23,550
9,370
20-30
5,622
2,572
10,140
3,062
3,382
1,694
1,581
2,334
1,362
6,438
5,761
4,002
30-40
747
966
3,916
1,958
1,581
1,537
910
2,196
1,205
2,259
3,294
1,874
40-50
439
966
1,707
954
941
784
533
1,443
1,945
747
3,294
1,252
Combined
Average
9,163
20,153
14,301
5,492
7,081
6,676
2,578
2,857
4,155
5,786
16,645
8,628
F2
Table F2. Average monthly densities (No/m3) of copepod nauplii
zooplankton (Order Copepoda) in Virgin Canyon, Lake Mead,
during May, 1986 through April, 1987.
Depth Zone (m)
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
8,126
22,446
17,131
5,171
7,329
6,946
2,636
2,209
3,445
3,840
25,075
9,487
10-20
1,362
3,690
10,586
2,359
1,186
2,541
2,297
1,669
2,316
3,332
14,571
4,174
20-30
1,450
1,318
5,120
1,707
791
847
904
1,468
659
2,485
3,276
1,821
30-40
351
351
1,857
402
132
527
471
1,286
904
1,243
2,416
904
40-50
88
527
502
402
113
94
345
910
1,569
527
2,259
667
Combined
Average
2,275
5,666
7,039
2,008
1,910
2,191
1,331
1,508
1,779
2,285
9,519.
3,410
r
F3
rTable F3. Average monthly densities (No/m3) of copopodite stages
of Diaptomus spp. zooplankton (Order Copepoda) in Virgin
Canyon, Lake Mead, during May, 1986 through April , 1987.
Depth Zone (m)
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
3,734
615
571
1,456
251
3,558
489
703
2,372
847
5,196
1,799
10-20
439
395
1,186
1,054
264
508
828
395
678
1,638
1,412
800
20-30
220
44
552
351
176
56
226
377
132
1,186
339
333
30-40
0
88
151
50
0
132
0
251
188
339
132
121
40-50
0
0
50
0
0
31
0
63
63
0
94
27
Combined
Average
879
228
502
582
138
857
309
358
687
802
1,435
616
F4
Table F4. Average monthly densities (No/m3) of Mesocyclops edax (Order
Copepoda) in Virgin Canyon, Lake Mead, during May, 1986
through April , 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
395
6,808
2,021
1,305
100
2,767
113
0
0
0
565
1,280
10-20
395
922
3,031
452
527
960
226
0
0
113
282
628
20-30
0
176
1,355
251
922
113
0
0
0
57
0
261
(m)
30-40
0
88
100
0
395
176
0
0
0
0
0
69
40-50
0
0
50
0
75
220
0
31
0
0
0
34
Combined
Average
158
1,599
1,311
402
404
847
68
6
0
34
169
454
r
r
F5
Table F5. Average monthly densites (No/m3) of copepodite stages of
Cyclops spp. zooplankton (Order Copepoda) in Virgin Canyon,
Lake Mead, during may, 1986 through April ,
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
395
1,230
1,098
0
50
678
414
301
565
565
2,316
692
10-20
88
264
966
151
132
395
151
264
621
621
1,073
430
20-30
0
44
301
50
176
282
151
0
176
565
169
174
(m)
30-40
0
0
301
351
0
220
126
157
0
57
44
114
1987.
40-50
0
44
201
50
0
63
31
188
63
44
157
77
Combined
Average
97
316
573
120
72
328
175
182
285
370
752
297
r
F6
Table F6. Average monthly densities (No/m3) of Cyclops bicuspidatus
(Order Copepoda) in Virgin Canyon
1986 through April , 1987.
, Lake Mead, during May,
Depth Zone (m)
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
0
483
1,406
0
0
0
226
402
339
621
904
398
10-20
44
483
439
100
132
0
264
44
113
508
1,073
291
20-30
132
132
351
50
44
0
188
188
44
565
621
211
30-40
132
0
552
602
88
88
126
63
38
452
351
227
40-50
44
0
151
50
0
0
94
31
94
44
282
72
Combined
Average
70
220
580
160
53
18
180
146
126
438
646 -
240
r
F7
Table F7. Average monthly densities (No/m3) of copopodite stages of
Mesocyclops spp. zooplankton (Order Copepoda) in Virgin
Canyon, Lake Mead, during May, 1986 through April, 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
220
1,801
1,098
1,757
552
2,654
0
0
113
0
621
802
10-20
0
0
1,450
151
264
565
38
0
0
57
57
235
20-30
0
44
552
151
0
0
0
0
0
0
0
68
(m)
30-40
0
0
50
0
0
0
0
0
0
0
0
5
40-50
0
0
100
0
38
31
0
0
0
0
0
15
Combinei
Average
44
369
650
412
171
650
8
0
23
11
136
225
r
F8
Table F8. Average monthly densities (No/m3) of Diaptomus siciloides
(Order Copepoda) in Virgin Canyon
1986 through April, 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
483
176
966
803
0
2,033
226
50
57
0
282
462
10-20
44
0
879
502
0
169
264
220
57
113
57
210
20-30
0
0
201
151
220
113
0
38
0
57
0
71
, Lake Mead, during
(m)
30-40
0
0
100
100
88
0
0
31
0
0
44
33
40-50
0
0
50
0
38
31
31
31
0
0
31
19
May,
Combined
Average
105
35
439
311
69
469
104
74
23
34
83 .
159
r
r
F9
Table F9. Average monthly densities (No/m3) of Diaptomus Ashlandi
(Order Copepoda) in Virgin Canyon
1986 through April, 1987.
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
307
483
1,054
301
0
56
0
0
678
113
339
303
10-20
176
132
791
301
132
0
0
44
169
565
452
251
Depth Zone
20-30
0
88
201
50
88
0
0
0
0
226
339
90
, Lake Mead, during
(m)
30-40
44
0
100
100
88
0
31
0
0
0
176
49
40-50
0
0
0
50
0
0
0
63
0
0
157
25
May,
Combined
Average
105
141
429
160
62
11
6
21
169
181
293
144
F10
Table F10. Average monthly densities (No/m3) of Diaptomus reighardi
(Order Copepoda) in
1986 through April ,
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
351
307
307
0
0
226
38
0
0
0
0
112
10-20
0
0
88
50
0
113
0
0
0
0
0
23
Virgin Canyon,
1987.
Depth Zone (m)
Lake
20-30 30-40
0
88
50
0
88
0
0
0
0
0
0
21
0
0
0
0
44
0
0
0
0
0
0
4
Mead, during
40-50
0
0
0
0
0
0
0
31
0
0
0
3.
May,
Combined
Average
70
79
89
10
26
68
8
4
0
0
0 .
33
r
Fll
rTable Fll. Average monthly densities (No/m3) of Diaptomus clavipes
(Order Copepoda)
April, 1987.
in
Month 0-10
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
44
264
44
0
0
0
75
50
0
0
0
43
Virgin Canyon
10-20
44
0
0
0
0
56
0
0
0
0
0
9
, Lake Mead
Depth Zone
20-30
0
0
0
0
0
0
0
0
0
0
0
0
, during
(m)
30-40
0
0
50
0
0
0
0
0
0
0
0
5
May, 1986
40-50
0
0
50
0
0
0
0
0
0
0
0
5
through
Combined
Average
18
53
29
0
0
11
15
10
0
0
0
12
F12
Table F12. Average monthly densities (No/m3) of miscellaneous Copepoda
species in Virgin Canyon, Lake Mead, during May, 1986 through
April, 1987.
Depth Zone (m)
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
0
0
0
0
0
0
0
0
0
0
0
0
10-20
0
0
0
0
0
0
0
0
0
0
0
0
20-30
0
0
0
0
0
0
0
0
0
0
0
0
30-40
0
0
100
0
0
0
0
0
0
0
0
9
40-50
0
0
50
0
0
0
0
0
0
0
0
5
Combined Average
0
0
30
0
0
0
0
0
0
0
0
3
F13
Table F13. Average monthly densities (No/m3) of Bosmina longirostris
(Order Cladocera)
1986 through April
in Virgin
, 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
44
35,272
2,416
602
4,317
282
0
0
0
57
113
3,919
10-20
44
835
922
151
966
0
38
0
0
0
0
269
20-30
0
176
904
100
264
113
0
0
88
0
0
150
Canyon,
(m)
30-40
0
0
201
50
88
176
0
0
0
0
0
47
Lake Mead, during May,
40-50
0
264
301
50
113
0
0
0
0
0
0
66
Combined Average
18
7,309
949
191
1,150
114
8
0
18
11
23
890
r
r
F14
Table F14. Average monthly densities (No/m3) of Daphnia pulex (Order
Cladocera) in Virgin Canyon, Lake Mead, during
through April , 1987.
May, 1986
Depth Zone (m)
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
9,136
1,977
132
0
0
508
301
402
3,050
1,581
4,800
1,990
10-20
703
264
132
151
0
56
489
176
678
904
2,033
508
20-30
571
220
50
0
0
0
75
151
220
791
339
220
30-40
44
88
50
0
0
0
63
63
38
113
0
42
40-50 Combined Average
0
88
0
0
0
0
0
31
94
44
126
35
2,091
527
73
30
0
113
186
164
816
687
1,460
559
r
F15
Table F15. Average monthly densities (No/m3) of Daphnia galeata (Order
Cladocera) in Virgin Canyon, Lake Mead, during May, 1986
through April , 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
307
527
0
402
100
1,977
113
0
0
565
2,316
573
10-20
0
220
88
301
88
169
0
0
0
847
621
212
20-30
0
0
50
100
88
0
0
0
0
339
395
88
(m)
30-40
0
0
0
0
88
44
94
0
0 ^
57
44
30
40-50
0
0
0
0
75
126
0
0
0
0
63
24
Combined Average
61
149
28
161
88
463
41
0
0
362
688
185
r
F16
Table F16. Average monthly densities (No/m3) of miscellaneous Cladocera
sp. in Virgin Canyon, Lake Mead, during May, 1986 through
April, 1987.
Depth Zone (m)
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
88
44
351
552
50
56
38
0
565
960
904
328
10-20
44
0
307
151
176
0
38
0
0
282
508
137
20-30
0
0
50
50
176
0
0
0
0
0
169
41
30-40
44
0
0
0
0
44
0
0
0
0
0
8
40-50 Combined Average
0
0
0
0
0
94
0
0
31
88
0
19
35
9
142
151
80
39
15
0
119
266
316
107
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rTable F17. Average monthly densities (No/m3) of Polyarthra spp. (Order
Rotifera
through
) in Virgin
April, 1987
Canyon
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
791
11,684
2,021
100
5,371
960
188
853
57
904
3,784
2,429
10-20
220
1,473
439
0
571
226
113
439
57
226
1,242
457
20-30
176
44
151
0
264
56
0
113
0
113
113
94
Lake Mead
(m)
30-40
0
44
50
50
176
44
0
345
0
0
0
65
, during
40-50
0
44
0
50
151
94
0
63
31
0
94
48
May, 1986
Combined Average
237
2,662
532
40
1,307
276
60
363
29
249
1,047
619
F18
Table F18. Average monthly densities (No/m3) of Lecane spp. (Phylum
Rotifera) in Virgin Canyon
through April , 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
3,119
1,054
1,450
0
1,807
0
188
0
0
57
0
698
10-20
1,098
0
527
100
439
0
38
44
0
0
0
204
20-30
395
44
50
0
88
0
38
0
0
0
0
56
, Lake Mead, during May, 1986
On)
30-40
0
0
100
151
88
0
0
0
0
0
0
31
40-50 Combined Average
176
0
100
201
38
0
0
0
0
0
0
47
958
220
445
90
492
0
53
9
0
11
0
207
r
F19
rTable F19. Average monthly densities (No/m3) of Ascommorpha spp. (Phylum
Rotifera) in Virgin Canyon
through April , 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
4,217
1,010
351
151
100
0
0
0
0
0
57
535
10-20
1,406
0
176
50
0
0
0
0
0
0
0
148
20-30
220
0
50
0
0
0
0
0
0
0
0
25
, Lake Mead, during May, 1986
(m)
30-40
88
0
50
0
0
0
0
0
0
0
0
13
40-50
132
0
0
0
0
0
0
0
0
0
0
12
Combined Average
1,213
202
125
40
20
0
0
0
0
0
11
147
r
F20
Table F20. Average monthly densities (No/m3) of Synchaeta spp. (Phylum
Rotifera) in Virgin Canyon, Lake Mead, during May, 1986
through April , 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
88
44
0
0
0
56
0
50
57
0
57
32
10-20
439
0
0
0
0
0
0
0
113
0
169
66
20-30
1,845
44
0
0
0
56
0
0
44
0
0
181
(m)
30-40
0
0
0
0
0
0
0
0
0
0
44
4
40-50
0
0
50
0
0
0
0
0
0
0
0
5
Combined Average
474
18
10
0
0
22
0
10
43
0
54
58
F21
Table F21. Average monthly densities, (No/m3) of Asplanchna priodonta
(Phylum Rotifera)
1986 through Apri
in Virgi
1, 1987.
n Canyon, Lake Mead, during May,
Depth Zone (m)
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
132
0
0
0
351
0
0
0
0
0
0
44
10-20
0
0
0
0
0
0
0
0
0
0
0
0
20-30
0
0
0
0
0
0
0
0
0
0
0
0
30-40
0
0
0
0
0
0
0
0
0
0
0
0
40-50
0
0
0
0
0
0
0
0
0
0
0
0
Combined Average
26
0
0
0
70
0
0
0
0
0
0
9
r
F22
Table F22. Average monthly densities (No/m3) of Trichocera cylindrica
(Phylum Rotifera)
1986 through Apri
in Virgin Canyon,
1, 1987.
Depth Zone
Month
May
June
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
0
0
Q
0
0
0
0
0
0
0
0
0
10-20
0
0
0
50
0
0
0
0
0
0
0
5
20-30
44
0
0
0
0
0
0
0
0
0
0
4
(m)
30-40
0
0
0
0
0
0
0
0
0
0
0
0
Lake Mead, during May,
40-50
0
0
0
0
0
0
0
0
0
0
0
0
Combined Average
9
0
0
10
0
0
0
0
0
0
0
2
r
F23
Table F23. Average monthly densities (No/m3) of miscellaneous rotifers
in Virgin Canyon, Lake Mead, during May, 1986 through April,
1987.
Depth Zone
Month
May
June .
July
August
September
October
November
December
February
March
April
Combined
Average
0-10
0
439
1,274
2,460
3,012
565
38
0
57
57
0
718
10-20
483
879
44
351
1,230
282
0
0
113
57
0
313
20-30
571
132
151
50
0
56
0
0
0
57
0
93
On)
30-40
44
307
100
100
307
88
0
0
38
0
44
94
40-50
0
0
50
100
301
0
31
0
0
0
31
47
Combined Average
220
351
324
612
t
970
198
14
0
42
34
15
253
r
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